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LETTER  OF  GENERAL  Z.  B.  TOWER 

TRANSBflTTINQ  THB 

REPORT  TO  THE  ENGINEER  DEPARTMENT. 


Office  of  the  Board  of  Engineebs,  for  Fortificatioi^s,  &c., 

Army  Building^  New  Torkj  January  31,  1881. 

Brigadier  General  H.  Gt.  Wright, 

Chief  of  Engineers^  U.  S.  A.y 

Washington^  D.  C. 
General  : — 

I  have  the  honor  to  submit  the  following  report  upon  submarine  mining,  made 
to  this  Board  by  Lieut.  Col.  H.  L.  Abbot,  Corps  of  Engineers,  commanding  Battalion 
at  Willets  Point.  Experiments  and  investigations  to  develop  a  system  of  torpedo 
service  applicable  to  harbor  defense  having  been  recommended  by  the  Board  of 
Engineers  for  Fortifications  early  in  1869,  Lieutenant-Colonel  Abbot  was  associated 
with  it  as  its  executive  officer  for  the  consideration  of  that  subject. 

With  a  view  to  a  commencement  of  the  system  a  more  complete  report  thereon 
was  made  in  the  month  of  October  following,  setting  forth  the  experimental  investi- 
gations needed  for  its  development,  and  the  necessity  for  instructing  the  Engineer 
Battalion  as  a  body  of  experts  to  apply  it  to  harbor  defense 

The  approval  of  this  project  by  the  Chief  of  Engineers  and  by  the  Secretary  of 
War,  led  to  a  long-continued  series  of  experiments  covering  all  the  points  of  the 
programme  and  many  others  suggested  during  the  progress  of  the  investigations. 
These  experiments  made  by  Lieutenant-Colonel  Abbot,  with  the  aid  of  the  officers 
and  soldiers  of  the  Engineer  Battalion  at  Willets  Point,  have  been  thoroughly  ana- 
lyzed by  him,  and  he  presents  his  investigations  connected  therewith,  excepting  only 
those  which  it  is  not  thought  .proper  to  make  public,  in  the  following  report. 

As  Congress  in  its  session  of  iy70-'71  added  submarine  mining  to  the  duties 
already  assigned  to  the  Engineer  troops  (a  part  of  the  organization  of  the  Corps  of 
Engineers),  it  seems  desirable  that  this  valuable  report  should  be  published  for  the 
benefit  of  the  officers  of  the  Corps  and  for  the  instruction  of  the  Engineer  Battalion. 

Very  respectfully,  your  most  obedient, 

Z.  B.  Tower, 
Colonel  of  Engineers  and  Brevet  Major  General^ 

President  of  Board. 
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LETTER  OF  GENERAL  H.  L.  ABBOT 


TBANSMimiCO  THS 


REPORT  TO  THE  BOARD  OF  ENGINEERS. 


W1LLET8  Point,  New  York  Harbor, 

December  11,  1880. 
Colonel  Z.  B.  Tower, 

Corps  of  Engineers^  V.  S.  Army^ 

President  of  The  Board  of  Engineers. 

Sir  :— 

On  May  5,  1 869,  General  A.  A.  Humphreys,  Chief  of  Engineers,  associated  me 
with  the  Board  of  Engineers  for  Fortifications,  then  consisting*  of  General  J.  G. 
Barnard,  General  G.  W.  CuUum,  General  Z.  B.  Tower,  and  General  H.  G  Wright,  to 
investigate  the  subject  of  defending  harbors  and  navigable  channels  by  submarine 
mines,  and  to  prepare  detailed  plans  for  applying  the  approved  methods  to  our  sea-coast 
defences.  As  commanding  officer  of  the  Battalion  of  Engineers  I  was  instructed  to 
employ  the  Engineer  troops  in  carrying  out  the  practical  tiials  and  experiments. 

In  November  of  the  same  year  I  was  directed  by  the  Chief  of  Engineers  to 
instruct  the  Battalion  in  the  fabrication  and  preservation  of  torpedo  material,  and  in 
its  application  to  the  defence  of  the  coast,  in  conformity  with  the  methods  which  might 
be  proposed  by  the  Board  and  duly  approved.  Confirming  this  action.  Congress,  in 
1871,  added  submarine  mining  to  the  duties  already  assigned  by  law  to  the  Engineer 
troops. 

Certain  definite  conclusions  having  been  reached  by  the  Board,  my  most  pressing 
duty  was  to  embody  them  in  the  form  of  a  Manual  for  the  use  of  the  Engineer  troops 
in  their  practical  duties  as  submarine  miners,  in  the  event  of  a  war  with  a  maritime 
power.  This  Manual  Was  begun  in  1874,  and  was  printed  as  a  confidiential  docu- 
ment, on  the  Battalion  press,  as  fast  as  written.  It  was  finally  completed  in  1877, 
and  since  that  date  it  has  served  as  the  basis  of  instruction  at  the  School  of  Submarine 

*  On  September  2, 1879,  by  authority  of  the  honorable  Secretary  of  War,  General  H.  G.  Wright,  Chief  of  Eugineers, 
dissolved  this  Board,  and  constituted  the  present  Board  of  Engineers,  consisting  of  General  J.  G.  Barnard  (absent 
sick),  General  Z.  B.  Tower,  General  John  Newton,  and  General  H.  L.  Abbot. 
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Mining  at  Willets  Point.  Being  designed  as  a  text  book,  it  makes  no  mention  of 
unsuccessful  researches,  and  often  lays  down  rules  without  discussing  the  grounds 
upon  which  they  rest. 

Having  finished  this  task,  I  began  the  systematic  reduction  of  the  data  collected 
in  the  trials.  This  work  involved  great  labor,  and  the  pressure  of  other  duties  has 
interfered  materially  with  its  completion.  I  have  now,  however,  the  honor  to  submit 
a  revised  copy  of  the  first  three  Chapters  and  Appendices  A,  B,  and  C,  which  set  forth 
the  results  already  attained  in  respect  to  sub-aqueous  explosions,  to  electrical  fuzes 
and  to  modes  of  ignition.  Proofs  of  these  pages  have  been  printed  on  the  Battalion 
press,  as  fast  as  written,  and  filed  with  the  Board  at  various  dates  beginning  in  1878. 

The  researches  now  reported  have  been  general  in  their  nature,  covering  ground 
of  interest  to  ofiicers  of  the  Corps,  and  others,  engaged  in  harbor  improvements,  rock 
blasting,  and  similar  works ;  and,  in  my  judgment,  there  is  no  reason  why  the  results 
should  not  be  made  public. 

The  remaining  chapters  of  my  Report  to  the  Board  will  treat  of  the  special 
investigations  undertaken  to  develop  the  best  patterns  of  submarine  mines  and  materiel; 
of  insulated  torpedo  cables;  of  electrical  apparatus  for  operating  submarine  mines;  of 
the  electric  light  in  harbor  defence;  and  of  movable  fish  torpedoes,  which  remain 
under  control  of  an  operator  on  shore.  These  chapter  being  necessarily  of  a  confi- 
dential nature,  the  manuscript  should,  in  my  judgment,  be  printed  on  the  Battalion 
press  solely  for  use  at  the  School  of  Submarine  Mining  at  Willets  Point. 

For  the  foregoing  reasons,  I  would  respectfully  suggest  that  the  three  chapters 
and  appendices,  transmitted  herewith,  be  forwarded  to  the  Chief  of  Engineers,  with 
a  recommendation  that  they  be  printed  for  distribution  as  one  of  the  Professional 
Papers  of  the  Corps  of  Engineers. 

Very  respectfully,  your  obedient  servant, 

Henry  L.  Abbot, 
Lieutenant- Colonel  of  Engineer Sy 

Brevet  Brigadier- General^  V.  S  -4., 
Member  of  The  Board  of  Engineers. 


r»*" 


!•'«• 

I*--.^ 


EXPERIMENTS  AND  INVESTIGATIONS 


TO  DBYKLOP 


A  SYSTEM  OF  SUBMARINE  MINES. 


CHAPTER  I. 

SUB-AQUEOUS  EXPLOSIONS. 

The  Dynamometer.— The  Ring  Apparatus.— The  Crate  Apparatos. — ^Manonvering  ApparatuB.— Wooden  Torpedo' 
Target- — Iron  Torpedo  Target. — ^Torpedo  Cases. — Mortar  powder. — ^Mammoth  powder. — Oliver  powder. — Cannon 
powder. — ^Mosket  powder. — Sporting  powder. — Safety  Compound,  O.  P.  C. — Discussion  of  the  formulsB. — ^Large 
Detonating  Primers. — Air  Chamber  within  the  Torpedo. — Effect  of  Recoil. — Summary  of  results  with  Explosive 
Mixtures. — Dynamite  (or  Giant  powder)  No.  1. — Gun-cotton. — ^Dualin. — Lithofracteur  (or  Rendrock). — ^Dyna- 
mite  (or  Giant  powder)  No.  2. — Vulcan  powder. — Mica  powder. — Nitro-glycerine. — Hercules  powder. — ^Electric 
powder. — Desiguolle  powder. — Brugere  (or  Picric)  powder. — Explosive  Gelatine. — Mixed  Explosives. — Discus- 
sion of  the  formula). — Effect  of  wetting  the  charge. — Effect  of  fhwzing  the  charge. — Effect  of  long  storage. — 
Air  space  in  Torpedo.— Material  between  the  charge  and  the  water. — Sympathetic  explosion  of  neighboring 
mines.— Summary  of  results  with  Explosive  Compounds. — Depressions  in  target. — Effect  of  recoil  in  target. — 
Experiments  under  ice. — Experiments  with  targets. — The  Oberon  experiments. — Experiments  at  Carlscrona, 
Sweden. — Other  miscellaneous  experiments. — Conelnsions  as  to  effective  torpedo  range. 

When,  in  1869,  the  investigations  which  form  the  subject  of  this  report  were 
undertaken,  the  destruction  of  a  vessel  through  the  agency  of  a  sub-aqueous  explo- 
sion was  a  comparatively  new  problem ;  the  general  laws  governing  the  action  of 
the  forces  developed  were  unknown;  and  the  subject,  therefore,  demanded  the 
most  thorough  and  systematic  treatment. 

The  simplest  manner  of  arriving  at  practical  conclusions  would,  doubtless,  have 
been  to  make  actual  trials  upon  a  modern  ship  of  war ;  or  upon  a  hull .  correctly 
representing  it  not  only  in  strength  but  also  in  mass,  upon  which  the  destructive  effect 
of  a  sudden  shock  must  largely  *  depend.  Such  trials  would  have  far  exceeded  the 
funds  available ;  and  it  therefore  became  necessary  to  devise  some  other  method. 

After  much  deliberation  a  systematic  course  of  experiment  was  undertaken, 
designed  to  throw  light  upon  the  unknown  laws  governing  the  transmission  of  the 
energy  developed  by  the  explosion  through  the  water  to  the  vessel,  and  to  determine 
the  impulse  required  to  effect  her  destruction.  In  other  words,  the  whole  subject  was 
considered  to  demand  close  experimental  analysis ;  the  laws  governing  the  transmis- 
sion of  the  shock  through  the  fluid  were  t()  be  discovered ;  the  relative  merits  of 
different  explosives  were  to  be  compared ;  and,  finally,  the  resistance  to  be .  expected 
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from  the  best  class  of  modem  hulls  was  to  be  determined.  The  problem  how  to  blow 
up  a  ship  of  war  would  then  admit  of  the  definite  discussion  usually  applied  to  works 
of  practical  engineering. 

This  manner  of  treating  the  subject  has  involved  much  labor  and  much  study ; 
but,  as  the  services  of  the  Engineer  troops  have  been  available  in  making  the  prac- 
tical trials,  the  expense  has  been  inconsiderable ;  and  the  results  attained  are  of  so 
general  a  nature  as  to  admit  of  future  application  to  new  conditions,  which  may  be 
expected  from  the  rapid  improvement  now  taking  place  in  every  branch  of  the  art 
of  war. 

The  theory  of  the  investigation  being  thus  based  upon  precise  measurement,  the 
first  step  was  to  provide  apparatus  for  accurately  registering  the  eflfects  of  a  sub- 
aqueous explosion.  This  accomplished,  it  would  be  possible  to  deduce  the  general 
laws  governing  the  transmission  of  the  shock,  and  the  effects  of  variations  in  explo- 
sive, in  charge,  in  distance,  in  direction,  in  submergence,  in  modes  of  ignition  and  in 
the  mass  of  the  body  receiving  the  blow. 

AFPABATV8  EOK  MEASUSEXEHT. 

Before  proceeding  to  state  the  conclusions  reached  upon  the  several  points,  the 
various  apparatus  will  be  considered  in  order— viz,  the  d3'namometer ;  the  rings ;  the 
crate ;  and  the  iron  target  designed  to  represent  approximately  a  section  from  a  ship 
of  war. 

The  Dynamometer.— As.  early  as  the  year  1851,  the  late  General  Rodman,  acting 
upon  a  suggestion  of  Maj.  W.  Wade,  devised  his  well-known  pressure-gauge  for 
measuring  the  intensity  of  the  explosive  force  of  gunpowder  when  burned  in  cannon. 
It  consisted  of  a  hollow  cylinder  of  iron  closed  at  the  base ;  a  screw  plug  for  closing 
the  mouth  of  this  cylinder ;  a  copper  gasket  to  form  a  gas-tight  joint  between  these 
parts;  a  specimen  of  copper  to  be  indented,  resting  upon  the  inside  base;  an  indenting- 
tool ;  an  indenting  piston  moving  through  an  axial  hole  in  the  screw  plug,  and  firmly 
united  to  the  indenting-tool ;  and  a  gas  check  of  copper  to  prevent  the  entrance  of 
gas  round  the  piston.  This  apparatus  was  placed  within  the  gun,  at  the  bottom  of 
the  bore.  The  ^'pressure"  to  which  it  had  been  subjected  by  the  explosion  was  in- 
ferred from  the  indentation  made  in  the  specimen  of  copper  by  the  indenting-tool. 

In  the  year  1865  Major  King  applied  this  gauge  to  measuring  the  "pressures" 
exerted  by  small  charges  of  mortar  powder  exploded  under  water  in  its  close  vicinity. 
He  found  it  necessary  to  enlarge  the  area  of  the  piston-head  in  order  to  obtain  meas- 
urable cuts  with  his  comparatively  slight  pressures.  Although  his  charges  averaged 
less  than  30  pounds — ranging  from  10  to  50  pounds — he  reported  **  secondary  cuts" 
in  several  cases,  which  he  attributed  to  the  elasticity  of  the  water. 

About  the  year  1869  Capt.  Willia'm  H.  Noble,  Royal  Artillery,  a  member  of  the 
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British  Committee  on  Explosives,  modified  the  Rodman  apparatus  by  suppressing  the 
edge  of  the  indenting-tool ;  that  is,  he  replaced  the  copper  disc  by  a  small  copper 
cylinder,  to  be  compressed  in  the  direction  of  its  length  by  a  movable  piston.  To 
this  apparatus  the  name  of  Crusher  Gauge  was  given. 

To  determine  the  "pressures''  corresponding  to  the  different  indications  of  these 
instruments  only  one  method — ^that  of  General  Rodman — ^has  heretofore  been  em- 
ployed. Samples  of  the  discs  or  cylinders  of  copper  are  subjected  to  the  action  of  a 
testing  machine,  which  by  a  slow  motion,  entirely  under  control,  can  be  made  to 
apply  any  desired  pressure.  These  results,  when  tabulated,  form  a  scale  of  pressures 
and  corresponding  cats  or  compressions,  which  is  used  to  interpret  the  mechanical 
work  performed  by  the  explosion  upon  the  copper  submitted  to  its  action. 

In  a  paper  read  before  the  National  Academy  of  Sciences,  in  1865,  Prof  W.  H. 
C.  Bartlett,  of  the  United  States  Military  Academy,  criticised  this  method  of  esti- 
mating the  pressure  due  to  the  action  of  gunpowder,  upon  the  ground  that  it  ignores 
"the  distinction  between  the  measure  for  intensity  and  that  for  its  work  The  real 
difficulty  lies  in  our  ignorance  of  the  laws  which  connect  the  intensity  of  copper 
resistance  and  of  gas  elasticity  with  the  plug  penetration.  If  these  laws  were  accu- 
rately known,  it  would  be  easy  to  find  the  maximum  of  gas  pressure,  by  the  Rodman 
process,  from  the  known  depth  of  plug  penetration  and  the  resistance  due  to  the  unit 
of  penetration.  In  the  absence  of  these  laws  it  would  be  better  to  modify  the  experi- 
ments by  inserting  a  number  of  plugs  around  the  circumference  of  the  same  cross 
section  of  the  gun,  made  at  different  distances  from  the  mouth,  and  keep  the  plugs  in 
ttieir  places  by  suitable  dynamometers  strained  to  different  degrees ;  and  after  firing, 
find  that  plug  which  has  made  but  a  faint  indentation  on  the  copper.  The  indication 
of  the  dynamometer  on  this  plug  would  be  the  measure  of  the  maximum  elastic  force 
of  the  gas."  He  also  considers  the  form  of  the  Rodman  cutter  to  be  objectionable. 
"It  would  be  much  better  to  use  a  conical  point,  and  rely  upon  a  filar  micrometer 
with  great  magnifying  power  in  the  eye-glass,  to  measure  the  surface  diameter  of  the 
penetration." 

The  foregoing  facts  were  known  to  me  in  1869,  when  it  became  my  official  duty, 
as  executive  officer  of  the  Board,  to  prepare  a  dynamometer  for  measuring  the  intens- 
ity of  action  developed  by  sub-aqueous  explosions  large  enough  to  be  practically  used 
for  the  destruction  of  shipping.  The  general  method  above  indicated,  evidently  offered 
advantages  over  any  other  feasible  plan;  but  two  difficulties  were  apparent,  one 
mechanical,  and  the  other  mathematical  The  former  consisted  in  modifying  the 
Rodman  gauge: 

I.  To  exclude  water,  or  at  least  to  neutralize  its  effects,  when  the  apparatus  was 
submerged  to  depths  as  great  as  100  feet. 
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IT.  To  prevent,  even  in  the  vortex  of  the  largest  esplosion,  the  hammering  motion 
of  the  piston,  which  occasioned  the  secondary  cuts  observed  by  Major  King. 

III.  To  increase  the  delicacy  of  the  indications,  so  that  the  apparatus  should 
re^ster  much  smaller  intensities  of  action  than  those  developed  in  the  bore  of  a 
cannon. 

The  mathematical  problem  consisted  in  deducing  from  the  mechanical  work  of 
the  explosion,  as  registered  at  the  yielding  point  of  the  apparatus,  a  correct  knowledge 
of  the  destructive  power  developed. 

The  mechanical  problem  was  solved  in-  the  gauge  represented  on  Plate  I,  Figs.  1 
and  2.  Water  is  excluded  by  a  stout  rubber  cap,  held  in  place  by  a  rubber  band 
fitting  into  the  groove  (A).  Should  any  accidental  leak  occur,  its  effect  is  neutralized 
by  cutting  the  base  of  the  piston  by  four  planes  (B)  parallel  to  the  axis,  so  as  to 
allow  the  water  to  pass  freely  around  it 

To  prevent  any  hammering  of  the  piston,  a  clutch  (C)  is  attached  to  its  base  in 
such  a  way  as  freely  to  allow  a  downward  motion,  but  effectually  to  prevent  any 
return,  by  engaging  in  the  screw  threads  cut  around  the  interior  of  the  cylinder.  The 
original  form  of  this  clutch,  devised  in  1869  and  used  until  the  end  of  the  season  1872, 
was  improved  at  that  date  upon  a  suggestion  of  Sergeant  Nolty,  Company  D,  Battal- 
ion of  Engineers,  and  his  modification  is  shown  on  the  plate. 

The  requisite  degree  of  sensitiveness  was  secured  by  employing  cylinders  of  lead, 
of  five  different  sizes  (Plate  I,  Fig.  3),  to  register  the  work  of  the  explosion  as  trans- 
mitted by  the  piston.  To  further  extend  the  scale,  three  different  sizes  of  piston  were 
adopted,  having  sectional  areas  of  O.IUO,  0.385,  and  0.78i  square  inches.  The  gauges 
containing  them  were  designated  No.  1,  No.  2,  and  No.  3,  respectively;  but  in  1872 
the  intermediate  size  was  abandoned  as  unnecessary 

Lead  was  chosen  as  the  best  metal  for  these  cylinders,  after  a  series  of  special 
experiments  begun  on  a  testing  machine  belonging  to  the  Watertown  Arsenal,  and 
concluded  in  June,  1870,  on  a  much  superior  instrument  at  Rock  Island  Arsenal. 
They  convinced  me  that  copper  is  too  hard  for  use  in  registering  very  small  pressures, 
even  when  a  large  diameter  of  piston  is  employed,  and  that  lead  is  suitable  for  the 
purpose. 

The  precaution  was  taken  to  have  all  the  lead  cylinders  for  the  projected  torpedo 
trials,  made  at  Rock  Island  Arsenal  from  a  single  lot  of  carefully  selected  original 
manufacturers'  pigs.  They  were  formed  by  casting  and  compression,  a  small  hole 
being  left  in  the  die  to  allow  the  surplus  lead  to  escape.  General  Rodman,  then  in 
command  of  the  arsenal,  suggested  this  method  of  preparation,  and  to  his  kindness 
is  due  so  great  precision  of  manufacture  that  no  differences  in  specific  gravity  could 
be  detected  among  the  specimens. 

As  already  stated,  five  sizes  of  these  cylindrical  leads  were  adopted,  which  for 
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convenience  will  be  designated  by  their  diameters.     The  following  are  the  exact 
dimensions,  also  shown  to  the  eye  on  Plate  I,  Fig,  3. 


75 
100 


lead;  length,  1.006  inches 
^  lead;  length,  1.004  inches 
^  lead;  length,  1.003  inches 
^  lead;  length,  0.799  inches 
*  lead;  length,  0.601  inches 


diameter,  0.75  inches, 
diameter,  0.60  inches, 
diameter,  0.50  inches, 
diameter,  0.40  inches, 
diameter,  0.30  inches. 


10 
8 
10 

To  measure  the  compressions  of  these  cylinders,  use  was  made  of  a  standard 
scale  having  one  fixed  and  one  sliding  contact  piece,  and  reading  by  a  vernier  cor- 
rectly to  one-thoilsandth  of  an  inch.  The  rapidity  and  accuracy  of  this  method 
leaves  nothing  to  be  desired. 

The  mathematical  problem  of  so  interpreting  the  lead  compressions  effected  by  a 
sub-aqueous  explosion  as  to  derive  from  them  a  correct  idea  of  the  destructive  effect 
likely  to  be  exerted  upon  a  ship,  requires  careful  consideration. 

At  the  instant  of  explosion,  a  certain  quantity  of  gas,  depending  upon  the  nature 
and  weight  of  the  charge,  is  developed  with  a  degree  of  suddenness  varying  with  its 
chemical  composition  and  the  mode  of  ignition.  The  free  expansion  of  this  gas  being 
resisted  by  .the  inertia  developed  in  the  water,  a  certain  amount  of  mechanical  work 
is  instantaneously  performed,  resulting  in  the  formation  of  a  chamber  filled  with  the 
highly  heated  products  of  the  chemical  reaction.  The  pressure  of  the  surrounding 
water,  joined  to  the  original  impulse,  gives  a  rapid  motion  to  this  chamber  along  the 
line  of  least  resistance,  which  in  general  coincides  with  the  vertical  drawn  through  the 
centre  of  the  charge.  A  rush  of  gas  and  water  into  the  air  is  the  result;  which,  in  the 
case  of  a  large  charge  exploded  near  the  surface,  often  presents  an  imposing  spectacle. 

There  is  in  this  phenomenon  an  analogy  to  what  occurs  at  the  discharge  of  a 
cannon.  The  line  of  least  resistance  corresponds  to  the  axis  of  the  bore,  while  the 
water  around  plays  the  part  of  the  metal  of  the  gun. 

A  vessel  in  the  vicinity  may  be  exposed  to  three  distinct  dangers:  1st,  Its  hull, 
embedded  in  the  aqueous  cannon,  may  be  ruptured  by  the  initial  shock  transmitted 
from  molecule  to  molecule  through  the  fluid.  2d,  should  the  hull  be  situated  near  the 
vertical  through  the  charge,  its  resistance  may  prove  to  be  less  than  that  of  the  superin- 
cumbent water ;  and  the  line  of  least  resistance  may  thus  be  deflected  from  its  normal 
direction,  and  traverse  the  vessel.  3d,  In  the  case  of  the  enormous  charges  sometimes 
employed  in  submarine  mining,  the  waves  generated  by  the  explosion  may  rack  the  ves- 
sel beyond  its  power  of  endurance,  or  by  rising  amidships  may  even  break  her  in  sunder. 

Unless  an  actual  vessel  be  available  for  the  experiment,  it  is  evident  that  the  pres- 
sure gauge  can  only  be  arranged  to  measure  the  first  of  these  three  causes  of  destruction. 
The  instrument  virtually  forms  part  of  the  aqueous  cannon,  and  chiefly  registers  the 

kinetic  energy  transmitted  from  molecule  to  molecule  of  the  fluid.    Fortunately,  this 
No.  23 3 
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is  the  primary  cause  of  rupture;  and  conclusions  based  upon  the  gauge  indications  may 
therefore  be  accepted  as  the  best  attainable  of  the  destructive  force  of  the  explosion. 

To  rupture  the  bottom  of  a  vessel  is  to  perform  mechanical  work:  that  is,  there 
must  be  an  effective  motion  of  the  point  of  application  of  the  force  along  the  line  of 
its  direction.  This  motion  being  much  greater  than  in  the  bursting  of  a  cannon,  time 
becomes  a  more  important  element.  Hence,  in  comparing  different  explosives,  or  the 
same  explosive  under  varying  conditions  as  to  distance,  submergence,  mode  of  ignition, 
etc.,  regard  must  be  had  to  the  amount  of  mechanical  work  to  be  performed,  rather 
than  to  the  intensity  of  the  forces  developed;  but  it  must  not  be  forgotten  that  a  cer- 
tain amount  of  the  latter  is  needful  to  overcome  the  resistance  of  the  hull  suddenly, 
before  the  available  energy  can  be  dissipated  upon  the  water,  or  upon  a  general  lateral 
movement  of  the  ship.  In  fact,  it  is  possible  to  conceive  that  with  the  same  poten- 
tial energy  an  explosion  may  be  so  sudden  and  short-lived  as  to  fail  to  supply  the  con- 
tinuous force  necessary  to  effect  the  destruction  of  the  hull;  or,  on  the  other  hand,  that 
its  force  may  be  developed  so  slowly  as  to  be  expended  in  general  harmless  motion. 

It  would  appear,  therefore,  that  the  mean  intensity  of  the  force  acting  upon  the 
ship  during  the  time  of  the  explosion,  is  the  quantity  most  important  to  be  determined. 

As  has  been  clearly  pointed  out  by  Professor  Bartlett,  the  Rodman  gauge  only 
registers  the  kinetic  energy  developed  in  the  piston  by  the  explosion.  It  throws  no 
light  either  upon  the  time  of  action  or  upon  the  law  governing  the  variation  of  pres- 
sure while  passing  from  zero  at  the  beginning  of  the  explosion  to  zero  at  its  end.  We 
simply  learn  from  it  the  sum  of  the  products  of  the  varying  intensity  of  the  force  into 
the  corresponding  differentials  of  path  through  which  the  piston  moves. 

Although  the  problem  of  interpreting  this  result  is  similar  theoretically  for  copper 
and  lead,  the  hardness  of  the  former  metal  offers  a  certain  advantage,  which  consid- 
erably simplifies  the  investigation  in  its  case.  It  was  on  account  of  this  advantage 
that  General  Rodman  was  able  to  form  a  practically  useful  scale  by  employing  a  test- 
ing machine.  He  reasoned — and  was  lead  to  introduce  a  valuable  mode  of  measure- 
ment thereby — that  the  explosive  intensity  of  action  of  the  gas,  in  passing  from  zero 
to  its  maximum,  drove  his  indenting-tool  into  the  copper  with  such  force  as  to  de- 
velop a  resisting  surface  sufficient  to  prevent  any  further  motion  while  passing  from 
its  maximum  intensity  to  zero.  In  other  words,  he  believed  that  the  length  of  his  cut 
chiefly  depended  upon  the  maximum  pressure,  and  hence  could  be  considered  a  measure 
of  that  pressure  and  an  index  of  its  probable  effect  upon  the  bore  of  the  gun.  He 
endeavored  to  prove  the  correctness  of  this  reasoning  by  subjecting  copper  specimens 
to  a  second  explosion  identical  with  the  first,  the  edge  of  the  indenting-tool  being 
placed  in  the  previous  cut.  No  increase  of  length  was  noted.  This  experiment  has 
since  been  verified  in  England  with  the  crusher-gauge,  as  is  shown  by  the  following 
table,  giving  the  pressures  indicated  in  the  12.5-inch  rifled  muzzle-loading  gun,  with  a 
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charge  of  130  pounds  of  1.5-inch  cubical  powder  and  a  projectile  weighing  800 
pounds.     The  pressure  is  always  estimated  from  the  total  shortening. 

Repeated  impulses  on  copper. 


Knmber   of 
round. 

Mnssle    ve- 
locity. 

Pre8aai«  in  tons  per  aquAio  inch  at  various  points  from  end  of  bore. 

Bemarhs. 

* 

Oinch. 

12  inches. 

24  inches. 

86  inches. 

48  inches. 

80  inches. 

1 
2 
3 

4 

1401 
1417 
1408 
1424 

22.3 
22L7 
22.7 
22.7 

21.4 
22.8 
22.0 
22.0 

20.3 
20.4 
20.6 
22.4 

20.1 
21.1 
21.8 
28.0 

14.1 
14.0 
l&l 
17.1 

12.0 
12.1 
12.8 
12.7 

New  copper  cylinders. 
Same  coppers  as  used  in  round  1. 
Same  coppers  as  used  in  rounds  1  and  2. 
Same  coppers  as  used  in  rounds  1, 2,  and  3. 

Freely  granting  the  correctness  of  these  experiments,  their  pertinence  to  the 
argument  for  maximum  pressure  may  well  be  questioned.  Why  should  further  motion 
be  communicated  to  the  indenting-tool  when  supported  by  a  surface  cut  in  the  copper, 
which  has  resulted  not  only  from  the  maximum  action  but  also  from  the  combined  effect 
of  all  the  other  actions?  It  is  also  to  be  noted  that  these  experiments  have  been  made 
with  a  slow-burning  variety  of  gunpowder;  and  that  the  results  might  be  dififerent 
with  a  finer  and  quicker  grade.  For  a  still  stronger  reason  this  might  be  true  with 
the  detonating  compounds,  the  most  important  class  of  explosives  to  be  studied  for 
the  torpedo  service. 

In  making  my  experiments  with  lead  cylinders  at  Rock  Island  Arsenal,  I  became 
satisfied  that  the  theory  just  stated  was  not  true  for  lead  discs  or  cylinders — at  least  for 
the  smaller  sizes — since  a  marked  variation  could  be  made  in  the  shortening  by  varying 
the  time  of  applying  the  pressure,  and  of  its  continuance.  Still,  as  the  needed  delicacy 
of  scale  would  not  admit  of  the  use  of  copper,  the  difficulty  could  not  be  avoided. 

The  following  table  exhibits  some  special  experiments,  made  by  me  at  Rock 
Island  Arsenal,  to  throw  light  on  the  subject.  The  pressure  was  applied  as  rapidly  as 
possible,  instantly  withdrawn,  and  the  shortening  noted.  The  pressure  was  then 
re-applied,  and  kept  steadily  on  for  two  minutes,  the  lead  gradually  shortening  during 
this  period  as  shown  by  the  figures. 

Continued  pressures  on  lead. 


Diameter  of 
cylinder. 

Preaanre. 

Time  of  apply- 
ing first  press- 
ure. 

Original  length. 

Length     after 
first    applica- 
tion of  press- 
ure. 

First  shortening. 

Length  after  two 
minutes. 

Second  shorten- 
ing. 

Inehst, 

Pound*. 

JStwndt. 

A  TMwVVVa 

Inehst, 

Ifuhet, 

JtraCllvVtt 

Iikchet. 

a*     1 

500 
1,000 

45 

80 

0.808 
0.808 

^0.071 
'o.870 

0.182 
0.488 

0.618 
0.250 

0.158 
0.111 

0.6        S 

1.000 

45 

LOOO 

0.786 

0.264 

0.567 

0.160 

2,000 

30 

LOOO 

0.887 

0.618 

a266 

0.122 

( 

1,000 

45 

1.010 

0.886 

0.124 

a  818 

a067 

0.6        < 

1,000 

80 

1.012 

0.808 

0.118 

0.826 

ao67 

I 

2,000 

45 

t012 

a  617 

0.486 

0.850 

0.167 

0.76       S 

2,000 

40 

1.015 

0.802 

0.213 

0.650 

0.152 

8,000 

46 

1.016 

0.576 

0.488 

0.400 

0.176 
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Similar  trials  of  lead  discs  under  the  Rodman  indentang-tool  showed  a  steady 
increase  in  the  length  of  cut,  corresponding  to  the  time  of  continuance  of  the  pressure. 

My  projected  method  of  operating  offered  one  important  advantage  over  the  usual 
gun  experiments;  and  upon  it  I  depended  to  overcome  the  increased  difficulty  due  to 
the  use  of  lead.  Bj  placing  several  pressure-gauges  containing  leads  of  different 
dimensions,  under  identical  circumstances  respecting  a  given  sub-aqueous  explosion,  it 
would  be  possible  to  obtain  exactly  the  corresponding  compressions  due  to  a  given 
impulse ;  and  by  varying  the  area  of  the  pistons,  other  corresponding  series  could  be 
secured.     The  data  would  thus  admit  of  many  checks  and  of  thorough  analysis. 

Acting  upon  these  views,  a  very  careful  scale  was  made  with  the  testing- machine, 
upon  the  Rodman  plan,  to  serve  for  purposes  of  preliminary  comparison.  The  follow- 
ing table  exhibits  the  results.  For  the  figures  showing  the  shortening  of  the  smallest 
lead,  I  am  indebted  to  the  kindness  of  Lieut  W.  P.  Butler,  Ordnance  Department,  who 
took  the  observations  after  my  departure  from  Rock  Island. 


Lead  thortmmg  by  teaHng  machine. 


2,00* 
2.900 
3.000 
a.  MO 


(LSflO 

o.(os 

0.410 

o.uo 
o.uo 
&1» 


O.IM 
0.4SS 

O.UC 


0.001 
0.00S 
0.007 
0.010 
0.010 


m 



1 

na 

o-m 

Wl 

0 

411 
438 

Ml 

0.301 
0.300 

a  sal 

0.413 

D.WII 

0.4TS 

0.T0. 

0.B30 

During  the  summer  of  1871,  many  comparative  trials  of  the  difierent  leads  were 
made  upon  the  plan  above  indicated ;  and  it  was  found  that  the  relative  compressions 
obtained  with  the  testing  machine — which  required  from  30  to  60  seconds  to  effect — 
bore  no  simple  relation  to  those  produced  by  sub-aqueous  explosions.  The  difference 
in  time  of  action  was  evidently  so  great  as  to  radically  change  the  conditions.     Im- 
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pressed  with  the  necessity  of  eliminating  the  effect  of  this  time  element  in  deducing  a 

scale,  I  devised  the  following  apparatus  : 

Upon  a  beam  forming  part  of  the  side  of  a  large  shed,  was  swung,-  by  a  piece  of 

No.  9  galvanized  iron  wire,  a  heavy  sledge  hammer  head  weighing  23.38  pounds.     The 

pivot  was  arranged  so  as  practically  to  eliminate  friction.     By  counting  the  number 

of  oscillations  in  a  given  number  of  seconds,  the  length  of  the  pendulum  from  the 

pivot  to  the  centre  of  percussion  was  determined  from  the  usual  formula,  viz : 

_  V  (seconds)^ 
~  (oscillations)^ 

For  Willets  Point  V  is  3.25936.  The  length  of  the  pendulum  {I)  was  found  to  be 
7.07  feet.  Upon  the  side  of  the  building,  behind  the  pendulum,  a  large  quadrant  of 
a'circle  was  described  from  the  pivot  as  a  centre,  and  was  accurately  graduated  to 
degrees.  A  block  of  granite,  weighing  between  two  and  three  tons,  was  next  pre- 
pared to  receive  and  hold  rigidly  .in  position  a  socket,  into  which  a  pressure  gauge  was 
firmly  screwed.  This  was  carefully  placed  so  that 'the  centre  of  the  indenting  piston 
was  opposite  the  centre  of  percussion,  and  in  contact  with  the  pendulum  when  the 
latter  hung  vertically.  A  piece  of  tracing  tape,  attached  to  the  hammer  head,  was 
passed  over  a  small  pulley  so  that  the  head  could  be  readily  raised  to  any  mark  of  the 
graduated  arc,  up  to  ninety  degrees  inclusive. 

When  this  tape  was  cut  by  a  pair  of  scissors  it  is  evident  that  the  head  would 
impinge  upon  the  end  of  the  gauge  piston  with  a  velocity  due  to  a  fall  represented  by 
the  versine  of  the  arc  through  which  it  had  been  raised ;  and  by  noting  the  recoil, 
and  preventing  by  hand  a  second  blow,  all  the  data  could  be  secured  for  computing 
exactly  the  mechaftical  work  corresponding  to  the  shortening  of  the  lead  subjected  to 
the  shock. 

The  firat  experiment  was  made  with  this  apparatus  in  November,  1871 ;  and  its 
precision  even  exceeded  my  anticipations.  The  compressions  of  similar  leads  receiv- 
ing similar  blows  diflfered  very  slightly  from  each  other,  even  when  measured  with  a 
scale  reading  to  one-thousandth  of  an  inch.  By  extending  the  observations,  the  short- 
ening due  to  known  blows  of  such  force  as  to  include  all  the  desired  portion  of  the 
scale  was  readily  determined.     The  following  table  exhibits  the  data  thus  secured. 
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8DB-AQimora  explosions. 

Lead  tkortening  by  pemtvlum. 


FUlofpcD- 

dBlUB. 

[Nrt.) 

AtMd. 

Al-d. 

Ai-a. 

fti-i 

Ml-d- 

B«>«k(. 

I 

:: 

M 

3S 

40 
U 

SO 

u 

w 

TO 

■D 

l-tM 

2.4M 

1S.W0 

ia.NO 
19,  no 
aano 
*a.»7o. 

58.070 

7<.a«o 
n.no 

lO&UO 
138. 3U 
1«4«M 

0,010 

0.000 

OlIM 

o.aoo 
auT 

OLMt 

ana 

0.014 

oion 

0.118 
0.U1 
0,14* 
O.M« 
OkMS 

0  470 

0.U0 

0.007 

a.tu 

0.»1 

t-oes 

«.M) 

o-tn 

0.701 

0.170 

':"" 

0.448 
1,827 
0,687 

0.004 
0.00* 
0.0K 

0,138 

o.an 

0.174 

CMO 

oaM 

0.4U 

o,soo 

Ikllsuw: 
ForAto»d,I=.0 
F™Ale<S=J 
ForAle-t-r-t 
Forftl«^l°.o 
Fw«,l.^,4<'.S 

The  following  table,  selected  at  random  from  the  experiments  made  upon  ^  leads, 
will  give  a  fair  idea  of  the  relative  and  absolute  precision  of  the  two  methods. 

Compari»on  of  jMndvIum  and  ietiing  MocAinc. 


TeMlmg  mietlne.   tOOpoDDda. 

T«rtta«  mMsblM,   «0«  pounda. 

log. 

" 

- 

las. 

- 

'■ 

tog. 

' 

4' 

Sboiton- 
■    ing. 

^ 

A* 

o.m 



+-•10 

-l-.OH 
-.017 

0.00007 
0.0807J 
0.00010 

0.483 
0.440 
0.371 
0.387 
0.438 
0.431 

-.028 
+.010 
+.011 

0. 00000 

0.00170 
0.00078 
0.00010 
0,00*11 

0.138 
0.181 
0,M3 
0.380 

+.010 

+.0OT 

+.0*8 
+.005 

0.00010 

0.00001 

0.30T 

0.30S 

0,421 
1.408 
0.41J 

-.014 
+.008 

+.0*0 
+.010 

+.000 
+  008 

a.08ai» 
o-oens 

*.  60010 

OLOoota 

0,*MOI 

H 

-,.... 

0. 00101 
.000 

1400 
U 

n>M16  ± 

OlMHOS 
.008 

H 

Hii0.8U± 

0.000*7 
1.003 

Mho  0.411  i 

<,**OTS 
.001 

In  the  summer  of  1878  it  became  necessary  to  test  a  second  lot  of  ^,  lead  cyliD- 
ders.  The  old  pendulum  having  been  dismounted,  an  entirely  new  one  was  prepared; 
and  advantage  was  taken  of  it  to  determine,  by  experiment,  whether  the  recoil  meas- 
ured, practically,  all  the  kinetic  energy  of  the  blow  not  represented  by  the  lead 
shortening.  This  was  done  by  varying  the  weight  of  the  pendulum,  and  comparing 
the  results. 
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Compari»<m  of  different  penduhmt. 


Kinetio  energy. 
(Not) 

Shortenings  of  ^  leads. 

Remarks. 

Old  leads. 

Pendnlnm  scale 

1871- 

Old  leads. 
HeaTy    pendn- 
lnm 1878. 

New  leads. 
Heavy    pendn- 
lnm 1878. 

New  leads. 

Light  pendnlnm 

1878. 

Footpound9. 

IneheM. 

Jnehet. 

Ifuhst. 

Tnehsa. 

0.83 
a66 
1.32 
2.66 
2.96 

0.014 
0.025 
0.048 
0.075 
0.061 

0.020 
0.071 

0.022 

•  •  •     ■ 

0.067 

•  a  •  ■   • 

0.012 
0.042 

•  •  •     • 

0.075 

Pkmdulum  op  1871. 

• 

Weight  28.88  ponnds. 
Length  7.07  feet. 
Hazimnm  swing  4S9±, 

5.26 

5.96 

&15 

10.56 

11.66 

0.123 
0.134 
0.167 
0.199 
0.211 

0.124 

•  •  •  •  • 

0.186 

0.124 
0.191 

0. 119 
0.161 
0.202 

HXAVT  PKKOULUM,  1878. 

Weight  24.97  ponnds. 
Length  7.04  feet 
Kaximnm  swing  40^. 

16.75 
16.42 
20.38 
28.48 
25.58 

0.252 
0.250 
0.204 
0.318 
0.333 

0.256 

» 

0.317 

0.259 
0.323 

0.243 
0.289 
0.827 

LiOHT  rarDULUM,  1878. 

Weight  12.406  ponnds. 
Length  7.04  feet 
l£azimnm  swing  W>, 

81.18 

0.372 

0.809 

31.50 

0.375 

0.872 

31.72 

0.376 

0.872 

37.20 

0.409 

0.400 

41.02 

0.431 

0.485 

0.428 

Mean  disorepi 

UIOY...... 

0.006 

0.006 

0.005 

■uv J ■■■'■■•■■***•* 

This  table  explains  itself;  and,  although  there  appears  to  be  a  small  instrumental 
discrepancy  of  live- thousandths  of  an  inch  between  the  results  of  1871  and  1878,  the 
truth  of  the  assumption  that  there  is  no  sensible  loss  from  friction,  resistance  of  the 
air,  heat  developed,  etc.,  is  sufficiently  established.  Each  shortening  is  the  mean  of 
two  experiments,  which  in  no  case  differed  from  each  other  more  than  a  few  thou- 
sandths of  an  inch. 

The  manner  of  forming  the  working  scales  from  the  pendulum  observations  of 
1871  will  now  be  explained  in  detail.  It  was  applied,  of  course,  to  each  of  the  five 
varieties  of  lead  cylinder,  separately. 

The  mean  of  all  the  observed  shortenings  due  to  similar  blows  was  adopted  as 
the  true  shortening  for  that  blow.     The  corresponding  energy  was  computed  from  the 
observed  fall  and  recoil  of  the  pendulum  by  the  formula : 
(1)  W  =  wl  (cos  5,  —  cos  ^) 

In  which  W  denotes  the  net  kinetic  energy  to  which  the  shortening  of  the  lead 
was  due ;  w  the  weight  of  the  pendulum ;  I  the  length  of  the  pendulum ;  5  the  angle 
of  fall  and  S-,  the  angle  of  rebound— both  measured  from  the  point  of  rest.  The 
angles  of  recoil  were  practically  very  small,  rarely  exceeding  2^  or  3^.  The  figures 
given  in  the  table  on  page  22  were  deduced  by  this  process,  and  exhibit  the  data  upon 
which  the  scales  were  based. 
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By  dividing  the  net  kinetic  energy  in  this  table,  Buccessively,  by  the  area  in 
sqnare  inches  of  each  of  the  three  piston  heads,  the  energy  per  square  inch  of  surface 
to  be  exposed  to  the  action  of  the  sab-aqueous  explosions  became  known  for  each  of  the 
three  sizes  of  gauge  adopted. 

From  these  data  fifteen  curves  were  plotted,  the  ordinates  being  the  lead  short- 
ening and  the  abscissae  the  corresponding  energy  per  square  inch  of  surface  exposed 
to  the  explosion.  Tlie  measured  points  of  these'curves  being  quite  close  together, 
they  afforded  every  facility  for  accurate  interpolation ;  thus  rendering  it  easy  to  con- 
struct tables  giving  the  energy  per  square  inch  corresponding  to  every  ^  of  an  inch 
of  shortening  for  any  of  the  five  sizes  of  lead  in  any  of  the  three  varieties  of  gauge. 

This  new  method  of  constructing  a  scale  for  measuring  the  effects  of  an  explosion 
possesses  the  following  advantages  over  that  of  the  testing  machine : 

I.  The  confusion  between  energy  and  pressure  is  avoided.  The  results  are 
expressed  in  foot  pounds,  the  usual  measure  of  mechanical  work;  which  is  really  the 
quantity  measured  by  the  Rodman  gauge. 

II.  The  shortening  of  the  lead  is  produced  instantaneously ;  thus  the  circumstances 
under  which  an  explosion  acts  are  more  closely  represented  than  by  the  process  of  the 
testing  machine,  which  usually  requires  at  least  30  seconds  to  effect  the  same  result. 
With  a  metal  so  soft  as  lead  this  is  an  enormous  advantage — indeed,  as  the  results 
proved,  it  is  essential  to  success. 

III.  The  new  process  is  more  exact,  and  involves  the  use  of  no  rare  and  expen- 
sive apparatus.  A  little  experience  with  the  testing  machine  will  convince  any  one 
that,  in  so  delicate  work,  the  results  are  effected  by  an  unavoidable  personal  equation 
of  the  operator.  Indeed,  I  lost  an  entire  day's  observations  at  Rock  Island  Arsenal 
by  employing. an  unpractised  mechanic;  and  it  was  only  when  General  Rodman 
kindly  supplied  a  man  who  had  had  a  long  training  that  the  satisfactory  results  exhibited 
in  the  table  on  page  20  were  obtained. 

There  is  one  difficulty,  however,  in  the  pendulum  method  which  requires  attention. 
In  truth,  it  affects  both  methods  equally;  but  by  treating  the  indications  as  maximum 
pressures.  General  Rodman  avoided  its  discussion  in  his  gun  problem.  This  difficulty 
is  the  following : 

The  mechanical  work  per  unit  of  surface  which  an  explosion  is  capable  of  per- 
forming is  not  the  best  quantity  for  consideration  in  discussing  its  probable  destructive 
power  upon  a  ship  of  war.  The  reasons  for  this  view  have  been  already  given,  when 
considering  the  general  modes  of  action  of  sub-aqueous  explosions;  and  the  conclusion 
there  reached,"  that  tlie  mean  intensity  of  the  force  acting  upon  the  unit  of  surface 
during  the  time  of  the  explosion  is  the  true  quantity  from  which  to  estiuiate  the  probable 
effect,  suggests  the  next  step  to  be  taken  here.  Some  method  of  passing  from  the 
measured  energy  to  a  corresponding  mean  intensity  of  action  must  be  sought 
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In  this  connection  several  points  merit  attention;  some  of  which,  although  they 
have  been  already  mentioned,  will  be  briefly  recapitulated. 

I.  A  heavy  shock  upon  the  ship  is  of  vital  importance,  because  if  this  be  deficient 
the  available  energy  may  be  dissipated  in  useless  motion  instead  of  crushing  the  hull. 
Although  the  actual  duration  of  the  action  of  a  sub-aqueous  explosion  upon  a  vessel  is 
known  to  be  very  short,  to  be  effective  it  must  perform  mechanical  work.  To  obtain 
some  precise  data  upon  this  subject,  a  schooner  was  blown  up  at  Willets  Point  in  the 
summer  of  1 878.  (See  frontispiece.)  She  was  anchored  in  water  15  feet  deep.  Two 
torpedoes,  each  a  beer  keg  containing  50  pounds  of  mortar  powder,  were  suspended 
10  feet  apart  and  3  feet  below  her  bottom,  amidships.  They  were  submerged  7  feet 
Six  cameras  were  placed  at  a  distance  of  about  500  feet,  so  arranged  that,  by  the  aid 
of  electricity,  instantaneous  views  could  be  taken  at  the  pleasure  of  the  operator. 
The  time  of  explosion  and  of  dropping  each  camera  slide  was  electrically  recorded  on 
a  field  chronograph.  The  torpedoes  were  exploded  simultaneously.  A  picture  taken 
one-tenth  of  a  second  thereafter  showed  the  bow  and  stern  plunged  in  the  water  and 
the  middle  of  the  vessel  raised  about  1 6  feet  in  the  air.  The  masts  were  still  vertical, 
and  the  jet  of  water  had  reached  a  height  of  about  70  feet  The  second  picture, 
taken  1.5  seconds  after  the  explosion,  showed  a  column  of  water  160  feet  high  contain- 
ing many  fragments  of  the  wreck.  The  third  picture,  2.3  seconds  after  the  explosion, 
showed  the  jet  at  its  maximum,  1 80  feet  hi^ ;  the  air  was  full  of  fragments,  but 
apparently  none  had  yet  begun  to  fall  back  to  the  water.  The  fourth  picture,  about 
3.3  seconds  after  the  explosion,  exhibited  a  descending  mist ;  the  water  agitated  by 
heavy  splashes  of  fragments;  and  the  site  of  the  wreck  shrouded  by  a  cloud  of  smoke. 
The  fifth  picture,  taken  a  second  later,  showed  only  a  thin  cloud  of  mist  and  smoke, 
with  no  evidences  of  violent  action  remaining.  Thus  the  total  destruction  of  the 
schooner  had  only  consumed  about  0.1  of  a  second;  and  the  whole  exhibition  of 
power  only  about  4.5  seconds.  The  exceedingly  short  duration  of  the  destructive 
action  left  no  doubt  upon  my  mind  that  upon  the  meatij  and  not  upon  the  nujucimunif 
intensity  of  action  will  the  useful  effect  probably  depend. 

II.  The  mean  pressure  may  always  be  derived  from  known  mechanical  work  by 
dividing  the  latter  by  the  path  of  the  point  of  application,  expressed  in  linear  units, 
along  the  line  of  direction  of  the  force. 

III.  By  restricting  the  length  of  the  path — i.  e.j  by  opposing  the  motion  by  a 
body  offering  a  high  resistance,  a  closer  idea  may  be  derived  of  the  actual  available 
intensity  of  action  of  a  sudden  blow  than  by  making  use  of  a  more  yielding  body. 

IV.  Ii  the  present  case  each  lead  offers  a  different  resistance ;  and  hence,  if  the 
actual  moticn  of  the  piston  head  be  adopted,  five  scales  not  directly  comparable 
among  themst  /es  will  result  This  difficulty  is  illustrated,  and  a  direct  comparison  is 
exhibited  between  the  methods  of  the  pendulum  and  of  the  testing  machine  by  the 
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following  table.  The  figures  in  the  third  and  fifth  columns  are  computed  by  dividing 
by  the  lead  shortenings  the  net  energies  producing  them.  These  figures  should  com- 
pare with  those  in  first  column ;  and  they  probably  would  do  so  were  it  not  for  the 
difference  in  time  during  which  the  force  was  acting. 

Comparison  of  pressure  and  shock  on  lead. 


Maximnm  preis- 

Al«i^ 

^l«i^ 

nre  Applied  by 

Obflerved  ahorten- 

Corresponding 

Obsenred     short- 

Corresponding 

testing  maohine. 

ing  by    testing 

mean     pressure 

ening  by  testing 

mean     pressure 

machine. 

by  pendulum. 

machine. 

by  pendulum. 

Ptmndt. 

Inchsi. 

Pounds. 

Ineket. 

Poundt. 

100 

0.004 

240 

... 

200 

0.014 

283 

•  ■  • 

300 

0.033 

845 

•  ■  • 

400 

0.078 

482 

0.003 

640 

500 

0.148 

507 

0.004 

090 

600 

0.210 

081 

0.005 

788 

700 

0.202 

828 

•  •  • 

000 

0.864 

088 

0.008 

840 

800 

0.415 

1,108 

... 

1.000 

0.431 

1,140 

0.016 

075 

1,100 

0.408 

1,281 

•  •  ■ 

1,S00 

0.494 

1.296 

0.048 

1,375 

1,800 

0.507 

1.330 

1,400 

a529 

1,392 

0.071 

1,563 

1.500 

0.541 

1,482 

0.100 

1,700 

1,000 

•  •  •  .  • 

..... 

0.128 

1,858 

1,800 

0.153 

2,017 

2,000 

0.204 

2,262 

2,500 

0.300 

2,728 

3.000 

•  •  •  •  • 

0.418 

3,405 

3.500 

0.473 

8,785 

V.  The  Rodman  scale,  based  upon  the  very  small  indenting  motion  of  his  cutter 
into  a  copper  disc,  is  not  only  suitable  for  the  present  purpose,  but  it  also  has  the 
advantage  of  having  been  generally  used  in  ordnance  investigations,  making  it  in 
some  sort  a  recognized  standard,  which,  however,  should  be  understood  to  express 
mean  not  maximum  pressures. 

For  these  reasons  I  decided  to  adopt  the  indentation  of  Rodman's  indenting-tool 
into  his  discs  of  copper,  as  the  uniform  path  to  be  used  in  translating  my  energies  into 
mean  pressures. 

To  do  this  it  was  necessary  to  employ  the  pendulum  with  Rodman's  indenting- 
tool  and  copper  discs,  and  thus  to  determine  for  the  blows  which  had  been  delivered 
upon  the  leads  the  corresponding  indentations  made  in  the  copper.  This  was  accord- 
ingly done,  the  indentations  in  feet  (I)  being  derived  from  the  cuts  (C)  measured  in 
inches  by  the  following  formula,  which  results  from  the  known  angle  (J&)  made  by 
the  two  parts  of  the  edge : 


(2) 


1  = 


C 


24  tan  ^ ;» 
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The  following  table  exhibits  the  results  of  these  experiments,  S^  being  163°  30' 
for  the  indenting-tool  employed : 

Observations  toith  Bodman^s  indenting-tool. 


Pendnlum  of  1871. 

Kinetic  energy. 
Net. 
(W.) 

Obaerred  length 
of  oat. 

Indentation  detennined 

byeqoAtion  (2). 

(I.) 

EbIL 

BacoU. 

DegrMi. 

8 

5 
16 
15 

20 
25 
80 
35 

40 
45 
50 
55 
60 

IhgreM, 
0.0 
0.0 
0.5 
2.0 

8.0 
5.0 
&8 
6.2 

7.2 

ao 

9.0 
10.0 
11.0 

Faotpaundi. 
0.226 
0.630 
2.496 
5.582 

9.743 
14.860 
2L290 
2a  980 

37.370 
4^800 
57.000 
67.980 
7^610 

Indut. 
0.195 
0.290 
0.480 
0.640 

0.760 
0.900 
LOOO 
1.180 

1.210 
1.285 
1.380 
1.440 
1.500 

Fo&L 

0.00118 

0.00175 

0.00290 

0.00890 

0.00460 
0.00544 
0.00604 
0.00682 

0.00781 
0.00776 
0.00834 
0.00870 
0.00906 

A  careful  study  of  the  third  and  fifth  columns  of  this  table,  by  the  graphical 
method,  led  me  to  perceive  that  the  indentation  of  the  copper  (I)  was  a  simple  func- 
tion of  the  net  kinetic  energy  of  the  pendulum  ( W)  of  the  form  : 

(3)  I  =  BW* 

The  method  of  least  squares  was  employed  to  deteimine  the  most  probable  value 
of  B.  The  foregoing  table  supplied  13  equations  of  condition ;  which,  being  allowed 
weight  proportional  to  the  square  roots  of  the  number  of  observations  from  which 
they  were  derived,  gave  the  normal  equation : 

0.27?772  =  128.8221  B 
Substituting  in  equation  (3)  the  resulting  value  of  B,  (0.002156),  the  following 
general  value  of  I  results : 

(4:)  I  =  0.002156  W^ 

The  following  table  sufficiently  establishes  the  correctness  of  this  empirical  for- 
mula ;  not  only  by  the  accordance  of  its  indications  with  the  observations  given  in  the 
last  table,  but  also  by  the  precision  with  which,  combined  with  equation  (2)  it  predicts 
the  observed  lengths  of  the  cuts.  The  last  two  columns  show  a  surprising  correspond- 
ence between  scales  of  absolute  pressure  obtained  by  methods  so  radically  diflFerent  as 
those  of  Rodman  and  my  own.  Very  possibly  the  samples  of  copper  used  by  me 
were  a  little  harder  than  those  he  employed ;  and  had  the  former  been  sulgected  to 
trial  on  the  testing  machine,  perhaps  the  accordance  might  have  been  still  closer. 
The  actual  discrepancies  fall  within  variations  often  observed  between  different 
samples  of  copper,  and  the  comparison  of  the  two  methods  certainly  tends  to  confirm 
tbe  practical  value  of  the  Rodman  scale,  except,  perhaps,  for  low  pressures. 
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The  circumstance  that  bo  simple  an  equation  could  be  deduced  for  the  indenta- 
tion was  of  great  practical  advantage  in  these  investigations,  as  will  be  seen  hereafter. 

Camparisan  of  pressure  and  shock  on  copper. 


Kinetic  energy 

of  pendulum. 

(W.) 

Length  of  out. 

Copper  indentationa. 

Corresponding  preasoxee. 

Obaerred. 

Computed  by 
Bq.  (4)  &  (2). 

Obeerred. 

Computed  by 
Bq.(4)  =  L 

DiiTerenoe. 

Testing    ma- 
chine.   Rod- 
man's tablee. 

W  . 

I 

Diff. 

Footpounds. 
0.226 
0.636 
2.496 
6.632 

9.743 
14.860 
21.290 
28.930 

87.370 
46.800 
67.000 
67.980 
79. 610 

Inchu. 
0.195 
0.200 
0.480 
0.640 

0.760 
0.900 
LOOO 
1.130 

1.210 
1.285 
L380 
1.440 
^L600 

Inchss. 
0.217 
0.306 
0.485 
0.631 

0.762 
0.877 
0.989 
1.095 

1.193 
1.286 
1.873 
L456 
1.634 

FmL 

0.00U8 
0. 00175 
0.00290 
0.00390 

6.00460 
0.00544 
0.00604 
0.00682 

0.00731 
0.00776 
0.00884 
a  00870 
0.00006 

Feet 
0.00181 
0.00184 
0.00292 
6.00380 

0.00460 
0.00530 
0.00597 
0.00662 

o.oorii 

0.00777 
0.00830 
a00880 
0.00927 

Feet 
-a  00018 
—0.00009 
•  0.00002 
•f  0.00010 

0.00000 
4^0.00014 
+0.00007 
+0.00020 

+0.00010 
-0.00001 
+0.00004 
-0.00010 
—0.00021 

Pounds. 

285 

533 

1,180 

1,880 

2,584 
3,315 
4,040 
4,867 

6.660 
6,463 
7,280 
8,110 
8,890 

Pounds. 

172 

340 

655 

1,451 

2,116 
2.803 
1,566 

4,371 

6.186 
6,025 
6,872 
7,725 
8,500 

Pounds. 

+113 

+m 

+325 
+429 

+468 
+512 
+474 
-M96 

+  474 
+488 
+408 
+386 

+800 

Having  thus  settled  upon  a  plan  for  translating  the  energy  tables  into  corre- 
sponding mean  pressure  tables,  it  remained,  before  doing  so,  to  check,  and  if  needful 
correct,  the  former  by  results  obtained  from  sub-aqueous  explosions. 

The  apparatus  by  which  this  was  accomplished  will  soon  be  described;  but  at 
present  a  correct  comparison  will  be  assumed,  and  the  results  will  be  considered.  It 
was  found  : 

I.  That  when  leads  of  diflferent  sizes  were  subjected  in  similar  gauges  to  the 
same  shock,  the  energy  tables  entered  with  the  observed  compressions  failed  to  indi- 
cate the  same  number  of  foot  pounds.  In  every  case  the  smaller  the  lead  the  larger 
the  indication. 

II.  That  analogous  discrepancies  attended  the  use  of  gauges  of  diflferent  sizes. 

III.  That  these  discrepancies  were  much  larger  with  explosive  mixtures  than 
with  explosive  compounds. 

The  interpretation  of  these  results,  in  the  light  of  the  experiments  already  de- 
scribed,  was  obvious. 

The  time  during  which  the  mean  force  acted  upon  the  leads  was  longest  with 
the  testing  machine,  much  shorter  with  mechanical  mixtures,  shorter  still  with  chemical 
compounds,  and  shortest  of  all  with  the  pendulum.  The  larger  the  surface  of  piston 
head  exposed  the  more  difference  did  this  variation  in  time  occasion 

The  true  method  of  obviating  the  difficulty  was  equally  clear. 

The  larger  the  lead  and  the  smaller  the  piston  head,  the  less  would  be  the  effect 
of  variation  in  time  of  exposure.  Hence,  the  ^  lead  and  the  No.  1  gauge  were 
adopted  as  the  standards.     The  absolute  difference  in  time  of  action  between  the 
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pendulum  and  a  sub-aqueous  explosion  must  be  very  small ;  making  it  probable  that, 
with  so  large  a  lead  and  so  small  a  piston  head,  no  marked  difference  results  from  the 
variation.  This  conclusion  was  warranted  by  the  reduction  in  the  observed  discrep- 
ancies as  the  size  of  the  leads  increased. 

As  to  the  other  leads  and  gauges,  correction  ratios  for  reducing  their  indications  to 
those  of  the  standard  could  easily  be  derived  from  special  shots  fired  for  the  purpose. 

This  was  done  by  two  different  methods,  both  for  explosive  mixtures  and  for 
explosive  compounds.  The  sub-aqueous  explosions  were  surrounded  with  six  gauges 
held  rigidly  in  position.  In  the  first  method  the  alternate  gauges  and  leads  were 
varied  for  the  same  shot ;  in  the  second  method  many  shots  were  fired  under  identical 
conditions  and  registered  by  different  gauges  and  leads.  About  1 70  shots  were  fired, 
with  this  among  other  objects  in  view,  during  the  autumns  of  1871  and  1872;  and  their 
results  are  given  in  detail  in  Appendix  A — compare  shots  65  to  180  and  239  to  292. 

The  discussion  of  these  data  was  laborious  and  interesting,  but  as  the  correctness 
of  the  deduced  values  is  sufficiently  shown  by  the  figures  in  the  appendix,  it  is  not 
necessary  to  give  the  analysis  here  in  full.     The  general  results  are  the  following: 

As  already  stated,  the  shortening  of  the  ^  lead  exposed  in  the  No.  1  gauge  was 

assumed  to  correctly  indicate  the  energy  per  square  inch  of  surface  exposed,  when 
translated  by  the  energy  tables  already  described. 

When  the  No.  1  gauge  was  used  with  other  leads,  before  their  indications  would 
correspond  with  those  of  the  /^  lead  a  correction  to  the  tables  was  needed  to  allow 

for  the  excess  of  time  of  exposure  over  that  of  the  pendulum  blow.  These  corrections 
proved  to  be  simple  ratios,  constant  for  each  lead — the  errors  being  greater  with  slow 
burning  than  with  detonating  explosives.     The  following  are  their  numerical  values: 

^  leads:  multiplier  for  compounds,  1.000;  for  mixtures,  1.000 
^  leads:  multiph'er  for  compounds,  0.786;  for  mixtures,  0.620 
*  leads:  multiplier  for  compounds,  0.670;  for  mixtures,  0.411 
^  leads:  multiplier  for  compounds,  0.752;  for  mixtures,  0.278 
leads:  multiplier  for  compounds,  0.647;  for  mixtures,  0.195 

The  apparent  irregularity  of  the  corrections  for  compounds  was  due  to  the  varia- 
tion in  the  length  of  the  leads ;  which,  as  already  stated,  was  for  the  first  three,  1 
inch ;  for  the  ^^  lead,  0.8  of  an  inch ;  and  for  the  ~  lead,  0.6  of  an  inch. 

When  the  larger  gauges  were  used,  the  above  correction  ratios  for  the  energy 
tables  remained  unchanged,  and  correctly  reduced  the  indications  of  the  smaller  leads 
to  those  of  the  /^  lead ;  but  it  now  became  necessary  to  take  into  account  the  increased 
dimensions  of  the  pistons.     The  following  were  these  dimensions: 

No.  1  gauge:  weight  of  piston,  0.286  pounds;  area,  0.100  square  inches. 

No.  2  gauge :  weight  of  piston,  0.474  pounds ;  area,  0.385  square  inches. 

No.  3  gauge:  weight  of  piston,  0.607  pounds;  area,  0.785  square  inches. 
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For  detonating  compounds,  the  tabular  results  shown  by  different  gauges  were 
reduced  to  those  of  No.  1  by  multiplying  by  the  ratio  of  the  masses  of  the  pistons,  viz: 

No.  1  gauge :  correction  ratio,  1.0000 
No.  2  gauge :  correction  ratio,  0.6034 
No.  3  gauge :  correction  ratio,  0.4712 

For  explosive  mixtures,  the  ratio  of  the  areas  exposed  to  the  shock  was  also  found 
to  enter  the  formula,  giving: 

No.  1  gauge:  correction  ratio,  1.0000  X  1-0000  z=  1.0000 
No.  2  gauge:  correction  ratio,  0.6034  X  0.2597  =z  0.1567 
No.  3  gauge:  correction  ratio,  0.4712  X  0.1274  =z  0.0600 

Having  by  these  ratios  revised  the  energy  tables  so  that  an  explosion  registered 
the  same  results  no  matter  what  leads  or  gauges  were  used,  a  corresponding  set  of 
pressure  tables  was  prepared  by  dividing  the  tabulated  energies  by  the  corresponding 
values  of  I  in  equation  (4). 

It  may  appear  that  unnecessary  labor  was  devoted  to  the  subject  of  scale  deter- 
mination, but  it  must  be  remembered  that  the  problem  to  be  solved  involved  the  accu- 
rate measurement  of  pressures  extending  through  a  very  wide  range ;  and  that  to 
correctly  deduce  the  laws  of  variation,  it  was  essential  that  records  should  be  made 
by  the  explosions  which  should  not  only  admit  of  determinate  measurement,  but 
which  also  should  be  directly  comparable  among  themselves.  At  the  outset  it  was 
not  easy  to  fix  limits  to  what  might  be  required.  After  extended  experiments,  the  use 
of  the  ~  and  ~  leads  and  of  the  No.  2  gauge  were  discontinued — but  by  fully  discuss- 
ing the  subject  it  is  probable  that  better  results  were  obtained  than  a  less  laborious 
study  would  have  afforded. 

In  concluding  this  branch  of  the  subject  it  may  be  remarked  that  the  final  prac- 
tical conclusions  are  independent  of  the  absolute  unit  adopted.  The  general  scope  of 
the  investigation  involved  the  determination  of  certain  definite  mechanical  effects  which 
are  produced  by  sub-aqueous  explosions ;  the  generalization  of  the  results  in  mathe- 
matical formulae ;  and,  finally,  the  determination  of  which  of  these  effects  correspond 
to  destructive  blows  to  a  first-class  modern  armored  vessel.  The  nature  of  the  unit 
is  thus  eliminated  in  the  final  conclusions.  In  other  words,  when  the  amount  of  lead 
shortening  corresponding  to  a  fatal  blow  has  been  experimentally  discovered,  and 
when  the  distance  in  any  direction  from  any  sub-aqueous  explosion  at  which  a  similar 
shortening  will  be  produced,  has  been  determined,  the  dangerous  range  of  that  torpedo 
becomes  known,  quite  independently  of  the  theoretical  nature  of  the  unit  of  measure- 
ment employed. 

In  this  respect,  the  subject  is  much  simpler  than  the  similar  investigation  of  the 
strains  upon  cannon ;  which  necessarily  involves  numerical  units,  since  the  known 
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strength  of  the  metal  to  resist  strains  of  extension  and  compression  must  be  consid- 
ered, in  adjusting  the  dimensions  of  the  diflferent  parts  of  the  gun. 

Having  adopted  a  suitable  pattern  of  dynamometer,  the  next  step  was  to  devise 
apparatus  for  holding  several  of  these  instruments  rigidly  in  position,  at  ceii;ain  known 
positions  with  respect  to  the  centre  of  sub-aqueous  explosions — ^the  depth  of  the  whole 
system  below  the  surface  being  variable  at  pleasure.  This  was  accomplished  by  the 
Bings  and  the  Crate — heavy  iron  frames  supported  by  buoys.  Each  will  be  consid- 
ered in  turn. 

The  Ring  Apparatus.— Tliis  apparatus  (Plate  II),  the  same  in  principle  as  that  devised 

by  Major  King  in  18(>5,  consisted  of  a  stout  ring  of  wrought  iron,  made  strong  enough 
to  resist  the  strains  to  which  it  was  to  be  subjected,  and  of  suitable  attachments. 
The  latter  consisted  of  six  sockets  for  holding  the  ring  gauges  in  place ;  a  supporting 
and  a  guard  strap ;  charge  attachments ;  a  buoy,  with  a  gauge  socket  at  its  lowest 
point ;  and  a  wire  connecting  rope,  with  a  buffer  and  gauge  sockets  to  be  inserted  as 
desired. 

Four  sizes  of  rings  were  employed — 3,  4,  5,  and  8  feet,  respectively,  in  interior 
diameter.  They  were  made  of  the  best  wrought  iron  that  could  be  procured  in  the 
market.  The  first  three  sizes  were  1.5  inch  in  thickness,  and  4.5  inches  wide  in  the 
plane  of  the  ring.  The  8-foot  ring,  which  was  designed  for  exceptional  use,  was  made 
of  lighter  iron,  1.0  inch  by  4.5  inches,  in  order  to  reduce  the  weight  to  the  supporting 
power  of  buoys  computed  for  the  5-foot  ring. 

The  six  sockets,  into  which  the  ring  gauges  were  screwed,  were  attached  by 
straps  projecting  at  their  bases,  which  clasped  the  rings  and  were  secured  by  gibs 
and  keys  at  the  points  where  they  projected  outward  beyond  the  ring.  These  sockets 
were  attached  at  shallow  seats  cut  60°  apart,  thus  holding  the  gauges  symmetrically 
in  the  plane  of  the  ring,  and  directed  toward  the  centre.  Two  were  at  the  level  of  the 
charge,  two  were  above,  and  two  were  below. 

The  supporting  strap  was  a  stout  iron  band  which  clasped  the  ring  midway 
between  the  two  upper  gauges,  and  was  held  in  position  by  gibs  and  keys  on  the 
outside  of  the  circumference.  A  small  exterior  ring  supplied  a  convenient  means  of 
connecting  this  strap  to  the  wire  rope  by  an  ordinary  shackle,  and  of  attaching  a 
3-inch  hemp  rope  used  for  lowering  and  raising  the  apparatus.  Experience  soon  led 
to  the  use  of  a  second  similar  strap  at  the  bottom  of  the  ring,  to  receive  a  guard  rope 
for  use  in  case  of  accident. 

The  charge,  in  a  suitable  case,  was  held  in  the  centre  of  the  ring  by  four 
diagonal  lashings,  usually  of  galvanized  iron  wire,  which  were  attached  to  small  eye- 
bolts  at  opposite  points  of  its  circumference. 

The  ring  was  supported  in  the  water,  with  its  plane  vertical,  by  a  wrought  iron 
buoy  of  suitable  size.     This  was  cylindrical  in  form,  2  feet  in  diameter  and  6  feet  in 
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height,  and  was  made  of  ^-inch  iron.  At  the  bottom  it  terminated  in  a  cone  of  ^-inch 
iron,  1  foot  in  height,  at  the  vertex  of  which  a  gauge  socket  and  attachment  ring  for 
the  wire  rope  were  provided.  A  scale  painted  on  the  side  enabled  the  submergence 
of  the  charge  and  gauges  to  be  accurately  determined. 

The  buoy*  and  ring  were  connected  by  wire  rope  1  inch  in  diameter.  This 
usually  consisted  of  separate  10-foot  lengths,  united  by  ordinary  shackles.  At  as 
many  of  these  junctions  as  was  desired,  cable  sockets  designated  to  receive  gauges 
could  be  inserted. 

Experience  with  large  charges  soon  demonstrated  the  necessity  for  some  elastic 

member  in  the  connections.     This  was  supplied  by  a  buffer,  so  arranged  that  the 

sudden  strain  was  made  to  compress  five  vulcanized  rubber  rings,  each  1  inch  thick. 

By  this  device  great  additional  strength  was  added ;  and  the  whole  apparatus  was 

often  thrown  more  than  50  feet  into  the  air  without  injury  to  any  part. 

The  following  table  gives  all  needful  information  as  to  the  weights  of  the  appa- 
ratus : 

Pounds. 
Weight  of  3-foot  ring  without  attachment« 231 

Weight  of  4-foot  ring  without  attachments 301 

Weight  of  5-foot  ring  without  attachments 381 

Weight  of  8-foot  ring  without  attachments 416 

Weight  of  ring  attachments  complete — large  gauges 232 

Weight  of  ring  attachments  complete— small  gauges 205 

Weight  of  10-foot  length  of  wire  rope 33 

Weight  of  cahle  gauge  socket  and  gauge,  complete 38 

Weight  of  buffer 38 

Weight  of  buoy  and  gauge,  complete 656 

Displacement  of  bnoy 1,300 

It  will  be  understood  from  the  foregoing  description  that  when  the  ring  was 
supported  in  the  water,  ready  for  the  explosion,  two  of  the  gauges,  numbered  3  and  4, 
were  in  the  same  horizontal  plane  as  the  charge ;  and  that  two,  numbered  1  and  2, 
were  above,  and  two,  numbered  5  and  6,  were  below  this  plane ;  all  placed  symmet- 
rically round  the  charge  and  pointing  toward  it,  at  points  60°  apart.  Also  that  one 
gauge  was  placed  vertically  over  the  charge  at  the  lowest  point  of  the  buoy ;  and  as 
many  others  as  might  be  desired  at  known  distances  between  the  latter  arid  the  charge. 
These  gauges,  external  to  the  ring,  were  numbered  consecutively  downward,  that  at 
the  buoy  being  always  No.  7. 

The  Crate  Apparatus. — The  apparatus  described  above  was  only  suited  for  meas- 
uring the  energy  developed  by  an  explosion  in  the  immediate  vicinity  of  the  torpedo, 
and  at  certain  points  vertically  over  it.  For  a  full  discussion  of  the  subject  it  was 
essential  to  study  the  gauge  indications  at  points  situated  at  considerable  lateral 
distances  above,  at  the  level  of,  and  below  the  charge.  It  was  assumed,  and  experi- 
ment abundantly  confirmed  the  truth  of  the  assumption,  that  to  give  trustworthy 
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APPARATUS  FOB  MBA8UBEMBNT. 

resultB  these  gauges  must  be  held  rigidly  in  position.  To  fulfil  these  conditio 
Crate  was  devised  in  18fi9. 

It  consisted  (Plate  V)  of  a  wrought  iron  frame  50  feet  long  by  10  feet  w 
10  feet  deep,  all  measured  in  the  clear.  The  torpedo  was  secured  by  wire  lashi 
the  middle  of  this  frame. 

To  reduce  the  weight  to  the  minimum,  iron  only  0.5  of  an  inch  in  tbickne 
employed,  the  needful  strength  being  given  by  adjusting  the  width  of  the  several 
according  to  the  relative  strains  which  it  was  anticipated  would  be  thrown  upon 
The  planes  of  these  several  plates,  produced,  all  passed  through  the  centi-e  « 
torpedo,  so  that  the  eye  placed  at  this  point  saw  only  knife  edges  in  every  dir^ 

The  details  of  construction  were  the  following :  The  four  long  edges  of  tli 
allelopiped  onconsisted  of  single  plates  of  0.5-inch  iron,  the  width  being  5  inc 
the  ends,  and  gradually  increasing  to  1 1  inches  at  the  middle.  These  platei 
connected  by  nine  perpendicular  transom  frames,  the  iron  of  each  having  the 
width  as  the  longitudinal  plates  at  their  junctions.  The  distance  between 
transoms,  measured  from  the  centre,  was  respectively  10,  5,  5,  and  5  feet  ir 
direction. 

The  connections  between  the  plates  and  transoms  were  strongly  riveted 
the  usual  angle  iron  principle.  The  third  frame  from  each  end  was  diagonally  b 
both  to  give  additional  stiffness  and  to  afford  a  good  hold  for  a  stout  i-od  exte 
from  the  middle  point  upward  through  the  top  transom  and  terminating  in  a  ri 
supporting  the  Crate.  Experience  also  showed  the  necessity  of  diagonally  bracii 
middle  transom  to  the  angles  of  the  adjacent  frames,  at  the  top  of  the  Crate 

Sockets  for  receiving  gauges  were  attached  at  every  point  of  junction  of  the 
soms  and  main  plates — thus  providing  for  36  gauges,  placed  symmetrically  abo% 
below  a  horizontal  plane  passing  through  the  longitudinal  axis. 

The  Crate  was  supported  by  two  buoys  of  J-inch  iron.  They  were  double  ri 
braced,  and  stayed;  being  cylindrical  in  form,  3.5  feet  in  diameter,  11  feet  in  h 
and  terminating  at  the  bottom  in  a  cone  2  feet  in  height,  with  a  socket  for  recei' 
gauge  and  shackle  at  the  vertex. 

Every  explosion  was  thus  registered  upon  thirty-eight  gauges,  all  rigidly  h 
known  distances  from  the  centre  of  the  torpedo. 

The  buoys  and  Crate  were  connected  by  6-inch  hawsers.  By  varying  the 
lute  and  relative  lengths  of  these  cables  any  desired  depth  and  angle  could  be 
to  the  axis. 

The  following  were  the  weights  of  this  apparatus,  as  constmcted: 

Weiglitof  the  Crato '. 9.168 

Wdgbt  of  the  attachmenta  complete 720 

Weight  of  a  buoy,  complete. ■■■ .. ............... 3,117 

DiBplaccment  of  a  buoy ■■ . ...... — ........  7,400 
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This  apparatus  developed  enormous  strength  to  resist  explosions,  and  fully  accom- 
plished the  objects  for  which  it  was  designed.  A  model  made  for  the  Centennial 
Exhibition  at  Philadelphia,  in  1876,  is  preserved  in  the  Torpedo  Museum,  at  Willets 
Point. 

MancBnvring  Apparatoi. — The  rings  were  handled  from  a  raft  (Plate  III),  consisting 
of  two  wooden  pontons  of  the  reserve  equipage  of  the  army,  placed  side  by  side 
and  united  by  short  balk  held  in  position  by  iron  straps.  A  small  windlass  and  boom 
strongly  braced  by  iron  rods  was  provided  near  the  stem  of  one  of  the  pontons  for 
raising  and  lowering  the  ring.  Two  men  working  the  crank  could  easily  raise  about 
800  pounds. 

This  raft  accommodated  about  a  dozen  soldiers,  with  the  torpedoes  designed  for  a 
day's  firing.  It  was  rowed  to  the  position  selected,  towing  the  buoy  behind  it  and 
carrying  the  ring  slung  to  the  boom. 

The  method  of  operating  was  the  following:  The  torpedo  and  gauges  were 
attached  to  the  ring  by  the  aid  of  a  small  boat  containing  the  electrical  machine  used 
for  firing.  The  ring  was  lowered  until  its  weight  was  supported  by  the  buoy.  The 
raft  and  boat  separated  to  a  safe  distance.  The  explosion  was  effected.  The  ring  was 
raised  by  its  hemp  lowering  rope;,  the  gauges  were  removed  and  re-charged  with  fresh 
leads ;  and  the  next  shot  was  fired  in  like  manner. 

Many  gunpowder  charges,  weighing  from  25  to  300  pounds,  were  thus  success- 
fully exploded.  The  usual  submergence  of  the  torpedo  was  35  feet,  varying  from  20 
to  100  feet.  The  larger  charges  often  threw  the  whole  apparatus  into  the  air;  and, 
at  first,  breakages  were  frequent  Experience,  however,  soon  suggested  expedients 
for  lessening  the  risks,  and  but  few  losses  of  material  and  no  serious  accident  occurred. 

In  many  of  the  gunpowder  charges  two  gauges  were  placed  inside  the  torpedo 
and  recovered  by  10-foot  lengths  of  wire  rope  attached  to  projecting  handles.  A  3-inch 
hemp  rope  attached  to  the  other  end  of  the  wire  rope  enabled  the  gauge  to  be  drawn 
into  the  ponton  after  the  explosion.  This  plan  could  not  be  used  with  explosive  com- 
pounds, as  tbe  tremendous  intensity  of  action,  even  of  the  smallest  charges,  upset  the 
steel  pistons  and  rendered  it  impossible  to  open  the  gauges. 

The  same  intensity  of  action  limited  the  weight  of  the  charge  in  the  case  of  the 
explosive  compounds.  Five  pounds  was  the  maximum  which  could  be  used,  safely,  in 
tin  cases  in  the  5-foot  ring — ^any  increase  developing  a  tendency  to  upset  the  pistons 
of  the  ring  gauges. 

The  difierence  of  action  between  explosive  mixtures  and  compounds  was  further 
shown  by  the  nature  of  the  breakages.  The  former  tended  to  part  the  wire  rope 
connecting  the  ring  and  buoy;  to  dash  the  gauge  sockets  and  ring  together;  and,  in 
general,  to  do  injury  at  a  distance  from  the  charge.  The  latter  acted  locally,  upset- 
ting the  gauges,  breaking  the  ring,  and  cutting  off  the  lowering  rope. 
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In  fact,  almost  every  conceivable  accident,  except  a  premature  explosion,  occurred 
during  this  series  of  trials.     Many  of  them  are  recorded  in  the  appendices. 

Various  forms  of  electrical  apparatus  were  used  during  the  progress  of  the  work. 
Many  shots  were  successfully  exploded  with  the  Smith  frictional  battery  and  high  ten- 
sion fuzes.  The  platinum  fuze  was  often  used  with  the  Farmer  dynamo-machine,  Smith's 
dynamo-machine,  the  Laflin  &  Rand  dynamo-machine,  and  with  a  voltaic  battery. 
Upon  the  whole,  the  Lailin  &  Rand  machine  appeared  the  moat  convenient;  but  miss 
fires  were  very  rare  with  any  of  the  patterns.  In  fact,  with  platinum  fuzes  properly 
tested,  explosion  may  be  regarded  as  absolutely  certain. 

To  manceuvre  the  crate  was  a  much  more  difficult  matter.  A  schooner  of  about 
55  tons  burden  was  provided,  and  two  booms  were  so  secured  to  derricks  l»etween  the 
masts  as  to  carry  the  crate  slung  over  the  side.  The  vessel  was  towed  into  position, 
carrying  a  crew  of  about  thirty  soldiers;  tlie  crate  was  lowered  until  supported  by  the 
buoys;  the  vessel  was  hauled  out  of  dangerous  range;  the  charge  was  fired;  the  crate 
was  raised;  the  leads  were  removed  and  renewed;  and  another  shot  was  exploded  as 
before.     Three  shots  proved  to  be  a  very  hard  day's  work. 

Dynamite  alone  was  used  with  the  crate.  The  charges  were  gradually  increased 
from  5  to  50  pounds,  when  the  buoys  were  collapsed  by  the  shock.  The  instrument 
was  then  placed  on  the  bottom,  and  the  effect  of  a  final  charge  of  100  pounds  was 
successfully  measured.  As  was  expected,  this  explosion  destroyed  the  crate;  but  not 
until  all  desired  data  had  been  secured. 

Woodon  Torp«do  h^et — A  wooden  target  was  prepared  in  1873,  with  a  view  to 
obt^n  data  as  to  the  best  method  of  operating  upon  an  Iron  target  constructed  to 
represent  a  section  from  a  modem  ship  of  war.  Its  dimensions  were  15  by  15  by  2 
feet  It  was  made  of  two  solid  layers  of  squared  timber,  each  stick  being  12  by  12 
inches  in  cross-section. 

The  bottom  layer  was  of  oak,  the  top  of  spruce ;  and  they  crossed  each  other  at 
right  angles,  being  very  strongly  held  together  by  80  through  bolts  of  1-inch  iron. 
The  total  weight  was  12  tons,  giving  a  free  flotation  of  about  1  ton. 

This  raft  was  pierced  by  eight  holes  lined  with  iron  pipes,  through  which  iron 
rods  were  inserted  to  bold  gauges  flush  with  the  bottom.  A  similar  hole  was  made 
through  the  middle,  by  which  the  torpedo  was  slung  at  any  desired  depth  below  the 
surface. 

A  charge  of  100  pounds  of  dynamite  exploded  60  feet  below  this  massive  target, 
in  1 20  feet  of  water,  tossed  it  into  the  air  like  a  feather,  leaving  it  floating  upside  down. 

To  increase  its  stability,  the  experiment  was  then  tried  of  mooring  the  taiget  in 
water  30  feet  deep;  planting  four  1,000-pound  mushroom  anchors  30  feet  from  its 
sides,  and  connecting  them  by  double  6-inch  hawsers  drawn  taut  by  a  tidal  lift  of  8 
feet.     This   arrangement  proved  to  be  successful;   and  after   receiving  six  severe 
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shocks,  a  charge  of  10  pounds  of  dynamite,  hung  10  feet  below  Its  bottom,  broke  it 
in  two  pieces,  snapping  oflF  twelve  of  the  spruce  and  two  of  the  oak  timbers.  The 
detallEi  of  the  experiments  will  be  ^ven  hereafter. 

Iron  Torp«do  Targst — The  object  proposed  in  preparing  this  target  was  to  obtain 
data  upon  which  to  base  an  intelligent  estimate  of  the  mean  pressure  which  must  be 
developed  by  a  sub-aqueous  explosion,  in  order  to  disrupt  the  bottom  of  a  firBt-claas 
armored  ship  of  war,  constructed  upon  the  double  cellular  principle.  To  determine 
this  quantity,  absolutely,  a  series  of  trials  should  be  made  upon  "a  real  ship  of  the 
kind  indicated ;  and  it  was  only  because  want  of  funds  rendered  such  a  project 
impracticable  that  this  substitute  was  proposed  by  the  Board. 

The  target  was  constructed  in  the  spring  of  1873,  at  the  Continental  Iron  Works, 
Brooklyn,  by  Mr.  T.  F.  Rowland,  who  built  the  first  monitor. 

The  Monarch  was  selected  as  the  type  to  be  represented;  and  care  was  taken  to 
make  the  target  fully  equal  both  in  design  and  workmanship  to  a  corresponding  area 
of  her  bottom.  The  materials  selected  proved  to  be  of  high  tensile  strength  and 
uncommonly  malleable  and  ductile,  being  greatly  superior  to  the  ordinary  iron  used 
in  ship-building.  Great  additional  strength  was  given  to  the  structure,  as  a  whole,  by 
the  introduction  of  1 7  wrought-iron  pipes  between  the  deck  and  bottom,  to  facilitate 
the  attachment  of  the  dynamometers  and  torpedoes.  In  fine,  it  is  quite  certain  that 
conclusions  based  upon  the  resistance  of  this  target  will  be  a  safe  guide  in  estimatiog 
the  explosive  energy  needful  to  destroy  any  vessel  now  afloat 

The  target,  in  general  shape  a  quadrangular  box,  20  feet  square  by  3  feet  iu  depth 
(internal  dimensions),  was  formed  of  plate  iron  closed  on  all  sides,  and  supported  by 
fore  and  aft  and  athwartship  framing,  dividing  the  internal  space  into  25  partial  cells,  4 
feet  long,  4  feet  wide,  and  3  feet  deep.  The  bottom  and  sides  were  formed  of  plates 
^  inch  in  thickness,  and  the  top  or  deck  of  plates  J  inch  in  thickness. 

The  plating  corresponded  in  distribution  and  fastening  with  the  methods  usual  in 
constructing  iron  ships.  The  bottom  and  deck  were  laid  out  in  strakes  witli  5-inch 
laps,  in  the  ordinary  "in  and  out"  manner,  and  double  riveted  with  |-inch  rivets. 
The  butts  of  strakes  were  covered  with  suitable  straps  and  double  riveted.  The  plates 
of  the  sides  and  ends  were  wrought  flush,  the  corners  being  flanged  to  right  angles, 
and  the  butts  secured  in  the  same  manner  as  those  of  the  bottom  and  top.  The  con- 
necting comer  angle-irons  were  4  by  4  by  |  inches  in  section ;  the  corner  lengths 
being  shaped  to  right  angles  by  cutting  out  the  surplus  iron  of  the  inner  leg,  and 
welding  the  cut  surfaces  when  brought  to  the  correct  angles.  The  butts  were  prop- 
erly sWfted  from  the  butts  of  the  plating,  and  efficiently  strapped. 

The  athwartship  frames  (those  crossing  the  strakes  of  plating  at  right  angles), 
were  formed  of  4  by  4  by  |  inch  angle-iron,  continnous  across  the  bottom,  sides, 
and  deck,  spaced  4  feet  between  facing  angles.     The  floor  plates  were  §-inch  thick, 
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and  extended  from  side  to  side,  and  from  bottom  to  deck,  having  4  manholes,  12  by 
24  inches,  cut  through  each  floor  midway  between  keelson  attachments,  to  afford  access 
through  the  internal  space  of  the  target  The  skin  and  floor  plates  were  efficiently 
secured  to  the  frames  by  |-inch  rivets. 

The  fore  and  aft  or  lon^tudinal  framing  was  formed  by  intercostal  plates  §-inch 
thick,  spaced  to  equally  divide  the  target  with  the  four  atliwartship  frames  into  twenty- 
five  equal  spaces.  Each  connection  was  made  by  four  plates  of  triangular  form,  which 
left  diamond-shaped  openings  for  manholes  22  by  32  inches  (greatest  dimensions). 
The  intercostala  were  connected  with  the  skin  and  the  atbwartsbip  frames  by  4  by  4 
by  §  inch  angle-irons ;  the  butts  of  the  plates  being  reinforced  by  straps  of  sufficient 
size  to  receive  eight  rivets  and  placed  on  the  reverse  side  of  the  connecting  angles, 
so  that  the  butt  plates  could  receive  the  fastening  in  wake  of  the  angle-irons — the  list- 
enings thus  including  plates,  angles,  and  butt  straps. 

Two  circular  manholes,  16  inches  in  diameter,  were  cut  through  the  deck  plating 
into  the  comer  compartments  diagonally  opposite  each  other,  and  fitted  with  covers 
bolted  on  water-tight  An  additional  manhole  was  subsequently  cut  through  the  deck 
more  central  than  the  others,  entering  the  compartment  next  the  centre  one  toward 
the  end  of  the  target ;  the  centre  of  the  hole  being  amidships  in  fore  and  aft  line  and 
about  6  feet  from  the  end.  This  manhole  was  of  the  same  size  as  the  others  and  cov- 
ered by  a  plate  made  water-tight,  and  was  enclosed  by  a  circular  iron  bulwark  built 
up  from  the  deck  3  feet  high  by  28J  inches  diameter.  This  bulwark  was  made  to 
enclose  the  manhole  plate  and  was  made  water-tight  with  the  deck ;  affording  the 
means  of  access  to  the  internal  space,  in  rough  weather,  by  protecting  the  manhole 
when  the  plate  was  off. 

Provision  was  made  for  freeing  the  target  of  water,  from  moderate  leaks,  by  fit- 
ting connections  on  the  deck  at  each  corner  of  the  target.  These  wore  so  arranged 
that  by  unscrewing  covering  caps  pumps  could  be  inserted,  securely  locked,  and 
worked  effectively  by  hand. 

Four  eye-bolts  with  6-inch  rings  were  fitted  on  each  side  above  the  water-line 
for  fasts;  and  subsequently  stout  straps  were  added  to  each  comer  of  the  target 
These  were  forged  of  1^  by  6^-inch  bars,  extending  on  the  sides  of  the  target  21 
inches.  They  were  secured  by  six  1^-inch  rivets  on  each  side ;  the  two  straps  being 
brought  together  at  the  comer  of  the  target,  and  fitted  to  receive  the  bolt  of  a  shackle. 
This  shackle  was  made  of  2J-inch  round  iron,  10  inches  in  diameter.  These  attach- 
ments were  designed  for  convenience  in  raising  and  handling  the  target  when  stink 
by  explosions.  • 

All  necessary  precautions  were  observed  in  making  this  structure,  both  by  an*ang- 
,ing  the  materials  in  the  most  advantageous  manner  and  by  thoroughly  connecting  the 
various  parts.    To  this  end  all  butts  were  properly  shifted  with  each  other  both  in 
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plates  and  connecting  angle-irons,  and  were  properly  strapped  with  equivalent  sec- 
tions of  material.  The  rivet  holes  were  fairly  laid  out,  and  at  suitable  distances  apart 
for  work  joined;  and  were  punched  opposite  from  faying  surfaces.  Tlie  rivets  were 
driven  hot,  and  made  to  completely  fill  the  holes.  All  flush  work,  such  as  skin  plating 
^  and  deck,  were  properly  countersunk,  and  the  rivets  were  chipped  slightly  oval.  The 
external  surface  was  calked  and  made  completely  water-tight,  no  pains  being  spared 
to  make  the  target  fully  equal  in  workmanship  to  an  equivalent  section  of  the  best 
type  of  double  cellular  bottom. 

For  the  purpose  of  attaching  the  dynamometers,  tubes  were  inserted  from  the 
deck  to  the  bottom,  through  which  rods  were  thrust,  having  on  their  lower  ends  sock- 
ets for  receiving  the  gauges.  Suitable  fastenings  were  adopted  for  holding  these  rods 
to  their  work  when  the  force  of  the  explosion  was  sufficient  to  rupture  and  destroy 
the  target  To  accomplish  this  object  the  tubes  were  placed  near  the  inner  comer  of 
each  of  the  sixteen  compartments  adjoining  the  comers  of  the  target  Another  in  the 
center  of  the  middle  compartment,  was  provided  for  slinging  the  torpedo.  These  tubes 
were  made  of  wrought-iron  hydraulic  pipe,  4  inches  in  internal  diameter  and  J-inch 
thick,  with  wrought-iron  flanges  screwed  on  the  ends.  ^  The  flanges  were  riveted  to 
the  bottom  and  deck  plating;  and  the  deck  and  bottom  in  wake  of  the  internal  diam- 
eter of  the  pipe  were  cut  out  and  calked  on  the  flanges  water-tight 

The  rods  for  holding  the  dynamometers  were  formed  of  3j-inch  round  iron  and 
extended  to  within  2  inches  of  the  bottom  of  the  target  Flat  heads  were  forged  on 
them  of  sufficient  size  to  prevent  them  from  dropping  through  the  tubes,  and  bales 
were  connected  to  the  heads  for  attaching  lines  and  buoys  to  recover  them  in  case  of 
their  becoming  detached  from  the  target 

To  efficiently  secure  these  rods,  so  as  to  resist  the  force  of  explosions,  the  strain 
had  to  be  removed  from  the  deck  and  transmitted  to  the  whole  structure.  To  accom- 
plish this,  knee  brackets  formed  of  1-inch  plates  were  secured  to  the  contiguous  floor 
plates  by  clips  of  angle-iron  and  were  riveted  thereto — the  knees  extending  under  the 
deck  plating  to  receive  the  fastenings  of  stirrups  designed  for  a  transverse  holding- 
down  bar.  These  brackets  extended  on  the  floor  plates  about  14  inches,  and  under 
the  deck  10  inches,  i.  e.,  sufficiently  to  receive  the  bolts  on  each  side  of  the  stirrups. 
As  these  brackets  were  placed  in  the  corners  of  the  compartments,  near  to  the  union 
of  the  floors  and  keelsons,  they  distributed  the  strain  upon  the  rods  very  efficiently 
over  the  strongest  part  of  the  structure. 

The  means  employed  on  deck  to  secure  the  rods  consisted  of  forged  stirrups 
bolted  through  the  deck  to  the  knees  of  the  brackets,  and  of  holding-down  bars  pass; 
ing  over  the  heads  of  the  rods.  The  stiiTups  were  forgings  11  inches  high  by  4|  inches 
wide  by  4  inches  thick,  having  a  base  1  inch  thick  and  1 1  inches  square.  They 
were  slotted  out  for  the  holding  bar  and  gibs  and  keys  7  inches,  leaving  a  section  of 
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metal  of  2  by  4  inches  over  the  bar  and  of  1  ^  by  4  inches  on  each  side.  These  sock- 
ets were  placed  as  near  the  openings  as  practicable  (about  2 1  inches  between  centres) 
and  in  line  with  the  athwartship  frames.  Each  of  them  was  held  down  by  six  accu- 
rately fitted  1  J-inch  bolts  passing  through  the  base  of  the  stirrup,  the  deck  plating, 
and  the  knee  of  the  bracket  below  deck. 

The  holding-down  bars  were  forgings  33  inches  long  and  5  inches  wide  by  2 
inches  thick.  They  were  passed  through  the  slots  of  the  stirrups  and  were  firmly 
held  against  the  heads  of  the  rods ;  being  set  down  by  gibs  and  keys  at  each  stirrup 
— ^the  object  being  to  prevent  the  rod  from  having  the  least  up-and-down  motion, 
when  acted  upon  by  the  explosion.  The  bales  of  the  rods  were  of  sufficient  size  to 
allow  the  holding-down  bars  to  pass  through  them,  forming  convenient  attachments 
for  buoy  lines. 

By  these  devices,  records  of  the  intensity  of  the  force  developed  by  the  various 
explosions  were  8ucce3sfully  preserved,  including  those  of  the  one  which  eventually 
destroyed  the  target. 

The  total  weight  of  the  target  when  ready  for  an  explosion  was  about  26  tons 
— ^placing  the  deck  about  9  inches  above  the  water  surface. 

To  prevent,  so  far  as  possible,  any  general  yielding  to  the  shock,  four  1,000- 
pound  mushroom  anchors  were  placed  opposite  each  side  of  the  target  and  connected 
together  by  twos  over  the  deck  with  ^-inch  chain  cables. 

A  spot  having  a  tenacious  clay  bottom  was  selected,  and  the  anchors  were  placed 
on  the  circumference  of  a  circle  of  which  the  centre  was  under  the  middle  of  the  tar- 
get The  chains,  making  an  angle  of  about  45°  with  the  bottom,  were  hauled  taut 
with  blocks  and  falls;  knotted  together  over  the  target  at  low- water;  and  strained  by 
a  tidal  rise  of  about  8  feet.  This  reduced  the  deck  height  to  about  3  inches,  and 
enormously  increased  the  resistance  to  any  further  upward  motion. 

Further  reference  will  be  made  to  this  question  of  stability  in  discussing  the 
experiments. 

Torpedo  Cases. — ^^fhe  explosives  under  trial  were  protected  against  moisture  by  a  great 
variety  of  different  kinds  of  case.  The  kind  used  is  specified  for  each  shot  in  the 
appendices,  because  this  was  soon  found  to  exert  an  important  influence  upon  the 
energy  developed  by  the  explosion. 

The  first  trials  of  gunpowder  were  made  in  cubical  wooden  boxes  of  clear  pine, 
varying  in  thickness  from  1  to  3  inches.  They  were  closely  jointed,  glued,  and 
screwed  together,  and  coated  on  the  outside  with  roofing  cement.  Two  rope-handles 
were  attached  by  wooden  strips,  screwed  to  opposite  sides.  The  intermediate  sides, 
which  were  turned  outward  from  the  ring  when  in  position  for  firing,  were  often 
prepared  to  receive  gauges  buried  in  the  powder.  The  sockets  of  these  gauges  had 
cylindrical  screw-bolts  projecting  from  their  bases,  which  passed  through  the  sides  of 
the  box  and  received  ring  washers,  to  which  were  attached  10-foot  lengths  of  wire  rope 
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connected  to  long  3-inch  hemp  ropes.     Great  care  was  taken  to  prevent  leakage  of 

water  round  the  holes,  by  close-fitting  leather  washers  compressed  into  the  wood  by 

the  scrpw,  and  by  careful  coating  with  cement.     The  leading  wires  were  introduced 

by  gimlet  holes  through  the  top,  afterward  closed  with   soft  pine  plugs  and  well 

coated.     The  top  being  screwed  on  after  the  charge  was  inserted,  every  facility  was 

offered  for  distributing  the  fuzes  uniformly  through  the  mass.     This  was  usually  done 

by  attaching  them  to  a  suitable  framework  of  wires  nailed  inside.     The  sizes  of  these 

cubical  boxes  were  closely  computed  to  contain  the  charge  and  gauges,  the  inside 

edge  being  as  follows : 

8-pound  charge,  6  inches  in  the  clear. 
25-pound  charge,  9f  inches  in  the  clear. 
*  50-pound  charge,  12  inches  in  the  clear. 
100-pound  charge,  15  J  inches  in  the  clear. 
150-pound  charge,  17|  inches  in  the  clear. 
200-pound  charge,  19  inches  in  the  clear. 
300-pound  charge,  22    inches  in  the  clear. 

The  later  trials  with  gunpowder  were  made  in  oaken  kegs,  1  inch  thick,  strongly 

bound  together  with  six  galvanized  iron  hoops.     They  were  made  to  order  of  three 

sizes,  8  gallons,  16  gallons,  and  24  gallons;  and  weighed  30,  44,  and  64  pounds, 

respectively.     The  largest  size  was  sometimes  divided   into   halves   by  an  inside 

diaphragm,  1  inch  thick,  placed  parallel  to  the  heads. 

The  small  charges  of  explosive  compounds  were  sometimes  confined  in  glass 

bottles  of  various  sizes,  and  in  ordinary  half-gallon  and  gallon  tin  cans;  but  the  usual 

case  consisted  of  cylindrical  tin  cans,  made  to  order,  provided  with  good  stuffing  boxes 

for  introducing  the  leading-wires,  and  with  a  screw-capped  hole  for  loading.     The 

following  are  the  dimensions  of  these  cans,  and  their  approximate  capacity  for  holding 

dynamite  in  loose  powder : 

height,    6    inches 

height,    9    inches 

height,    9    inches 

height,  11^  inches 

height,  13    inches 

To  strengthen  the  latter,  its  heads  were  braced  by  a  strong  inside  tube  abutting 
against  4-inch  discs ;  and  its  middle  was  stiffened  by  a  strap  1  inch  wide,  to  which 
two  rings  were  attached  for  slinging. 

Larger  charges  of  explosive  compounds  were  fired  in  regular  torpedo  cases; 
usually  made  of  J-inch  wrought  iron  and  provided  with  an  excess  of  capacity  to  give 
buoyancy,  or  of  |-inch  cast  iron  filled  with  the  charge. 

A  few  cases  designed  for  special  objects  will  be  described  when  discussing  the 
shots  fired  in  them. 


Fuze  can  :  diametfer,  2|  inches 
Can  No.  1 :  diameter,  4  inches 
Can  No.  2  :  diameter,  6  J  inches 
Can  No.  3 :  diameter,  8  inches 
Can  No.  4:  diameter,  12    inches 


capacity,    1  pound, 
capacity,    3  pounds, 
capacity,  10  pounds, 
capacity,  20  pounds, 
capacity,  50  pounds. 
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XrSXTAL  PHT8ICAL  PHEVOHEVA. 

Before  proceeding  to  discuss,  mathematically,  the  action  of  forces  developed  by 
explosions  under  water,  a  brief  abstract  will  be  given  of  notes  relating  to  what  is 
usually  heard,  felt,  and  seen  in  the  vicinity. 

The  sound  is  deadened  to  a  surprising  degree  by  water  over  the  charge.  A  large 
torpedo,  exploded  10  feet  or  more  below  the  surface,  gives  a  dull  muffled  report  that 
often  is  hardly  noticed  by  one  intently  watching  the  jet.  When  the  water  covering 
is  so  thin  as  to  allow  the  gas  instantly  to  escape  into  the  air,  the  sound  is  far  more 
intense.  Thus  1  pound  of  dynamite  exploded  3  feet  below  the  surface  produces 
locally  a  much  louder  sound  than  500  pounds  submerged  20  feet. 

It  is  a  general  characteristic  of  small  and  deeply  submerged  charges  of  the 
explosive  compounds,  and  of  some  quick  acting  explosive  mixtures  as  well,  that  at  the 
instant  of  detonation,  before  any  disturbance  of  the  water  at  the  smface  is  visible, 
three  sharp  sounds  are  heard  resembling  raps  upon  a  hard  substance.     They  are  of 

nearly  equal  intensity;  but  the  interval  of  time  between  the  first  and  the  second 

•  

appears  to  be  longer  than  between  the  second  and  the  third.  That  these  repetitions 
are  not  simply  echoes,  and  that  there  are  really  more  than  three  of  the  impulses, 
although  the  ear  hardly  detects  a  greater  number,  have  been  conclusively  proved  in 
several  instances  where  a  gauge  clutch  happened  to  be  out  of  order.  In  such  cases, 
several  successive  indentations  in  the  bottom  of  the  lead  have  been  made  by  the 
centre  pin  as  the  cylinder  moved  laterally  under  the  upward  jerk  given  by  the  buoy 

Successive  impulses  may  also  be  distinctly  felt  by  one  standing  in  a  boat  near 
the  explosion ;  and  if  the  hand  be  placed  in  the  water  sensations  resembling  electric 
shocks  are  experienced. 

The  influence  of  the  shock  upon  fish  is  noteworthy.  In  the  immediate  vicinity, 
even  of  small  charges,  death  appears  to  be  instantaneous.  AjL  a  greater  distance  the 
air  bladder  is  ruptured  and,  the  air  ballast  escaping  into  the  abdomen,  the  fish  floats 
upon  its  back  at  the  surface,  although  still  able  to  swim  with  considerable  speed  At 
still  longer  ranges  the  effect  appears  to  be  momentary,  simply  causing  an  upward  dart 
into  the  air.  Even  5  pounds  of  dynamite  will  produce  this  effect  upon  a  shoal  of 
manhaden,  at  distances  of  several  hundred  yards— showing  that  the  nervous  system 
of  that  fish  is  one  of  the  most  sensitive  of  known  gauges. 

The  jet,  as  well  as  the  sound,  is  greatly  influenced  by  the  submergence.  As 
small  charges  afford  the  best  opportunity  for  studying  these  phenomena  in  detail,  the 
following  summary  of  many  records  upon  explosive  compounds  is  given. 

A  charge  of  one-fourth  of  a  pound  submerged  about  35  feet  occasions  no  marked 
disturbance  at  the  surface,  but  bubbles  of  gas  continue  to  rise  for  many  seconds. 
Fish  at  100  yards  distance  often  leap  into  the  air. 
TSo.  23 6 
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A  half-pound  charge  detonated  6  feet  below  the  surface  produces  a  sharp  report, 
and  throws  up  a  jet  from  20  to  30  feet  into  the  air. 

With  a  1 -pound  charge  submerged  35  feet,  the  buoy  supporting  the  ring  instantly 
rises  about  2  feet  and  sinks  back  out  of  sight.  An  upward  boiling  motion  of  the 
water  begins  about  12  seconds  after  the  explosion.  In  a  strong  current  this  may 
appear  several  feet  away  from  the  buoy.  When  the  charge  is  submerged  25  feet  the 
boil  rises  quicker,  and  the  buoy  often  reappears  with  it. 

With  a  2-pound  charge  submerged  35  feet  the  phenomena  are  similar,  the  boil 
appearing  in  about  9  seconds. 

With  a  3-pound  charge  at  the  same  depth,  the  upward  current  of  water  assumes 
the  appearance  of  a  small  dome  at  the  surface,  appearing  about  5  seconds  after  the 
explosion.     The  buoy  rises  4  or  5  feet  instantly,  and  sinks  back  out  of  sight 

As  the  charge  is  increased  to  5,  8,  and  1 0  pounds,  the  depth  remaining  the  same, 
the  greater  intensity  of  action  is  shown  by  a  quicker  motion  of  the  buoy,  which  is 
also  instantly  surrounded  by  a  mist  thrown  upward  from  the  surface.  The  dome 
appears  in  a  second  or  two,  and  expands  into  a  small  white  jet  of  water  8  or  10  feet 
high.  A  boat  50  feet  distant  from  the  buo}^  receives  a  jar  sufficient  to  lift  small 
articles.  Fishes  of  the  hemng  family  dart  into  the  air,  as  far  off  as  the  eye  can 
conveniently  distinguish  them,  those  within  a  radius  of  a  couple  of  hundred  feet  being 
crippled  by  the  concussion. 

With  explosive  mixtures,  the  effects  are  similar  but  less  intense.  For  example, 
25  pounds  of  mortar  powder  fired  35  feet  below  the  surface,  cause  a  misty  shower  to 
rise  a  foot  or  two  above  the  water ;  the  buoy  shoots  up  to  its  full  length  and  falls  upon 
its  side;  then  a  white  dome  rises  around  it,  about  10  feet  high.  When  a  strong  iron 
case  is  used,  three  sharp  raps  are  heard — which  are  not  often  noticed  with  a  wooden 
case. 

When  50  pounds  of  mortar  powder  are  fired  5  feet  below  the  surface  the  jet  is 
about  170  feet  high ;  at  16  feet  it  is  about  40  feet  high ;  at  35  feet  it  is  fi-om  20  to  30 
feet  high;  and  at  68  feet  there  is  simply  a  large  upward  boil  around  the  buoy,  occur- 
ring several  seconds  after  the  explosion.  In  deep  explosions  the  buoy  always  shoots 
upward,  and  often  subsides  before  any  disturbance  is  seen  at  the  surface. 

The  effects  exhibited  by  the  sub-aqueous  explosion  of  charges,  large  enough  to  be 
practically  used  for  the  destruction  of  shipping,  will  now  receive  attention. 

The  height  and  form  of  the  jet  of  water  thrown  into  the  air  by  a  given  charge, 
is  observed  to  vary  enormousl}'^  with  its  submergence;  and  is  probably  a  delicate  index 
of  the  combined  effect  of  all  the  forces  transmitted  to  the  surface  of  the  water.  It 
might  seem  that  this  feature  could  be  turned  to  account  in  studying  certain  important 
matters — such,  for  example,  as  the  effect  of  varying  the  strength  of  case  for  gunpow- 
der charges ;  and,  indeed.  Captain  Vandevelde,  of  Holland,  based  his  system  of  sub- 
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aqueous  ineasureiaents  upon  it  Tlie  subject  has  been  very  carefully  investigated  at 
Wiltets  Point,  both  iiish'u  men  tally  and  by  the  aid  of  instantaneous  photography,  and 
it  lias  been  found  that  the  disturbing  action  even  of  very  slight  currents  of  air;  the 
varying  effects  dependent  upon  the  relative  position  of  the  sun,  the  jet,  and  the 
observer;  the  excessive  tenuity  of  the  ill-defined  cloud  of  mist  which  shrouds  the 
main  body  of  water;  and,  lastly,  the  rapidity  with  which  the  different  phases  succeed 
each  other,  combine  to  throw  too  much  uncertainty  upon  the  phenomenon  to  render 
it  a  safe  basis  for  important  practical  conclusions. 

Nevertheless,  although  hardly  suited  for  precise  investigation,  the  phenomena 
exhibited  by  large  explosions  under  water  are  by  no  means  without  interest.  For 
example,  the  fact  that  a  buoy  floating  vertically  over  a  large  torpedo,  is  always  thrown 
upward  in  advance  of  the  watar,  and  is  carried  to  a  much  greater  height  than  any  of 
the  spray,  is  not  without  significance  in  studying  the  relative  effect  of  the  energy 
transmitted  from  molecule  to  molecule  of  the  fluid,  and  of  the  actual  motion  of  the  gas 
chamber.  Again,  the  fact  that  fragments  of  the  torpedo,  unless  acted  upon  by  a  strong 
wind,  always  fall  within  a  few  feet  of  the  explosion,  has  an  important  practical  bearing 
upon  torpedo  warfare. 

For  a  close  study  of  so  evanescent  a  spectacle  as  is  presented  by  these  jets  of 
water,  instantaneous  photography  is  of  great  value;  and  to  Captain  Mercur  and  Cap- 
tain Quinn,  who  in  succession  have  had  charge  of  this  branch  of  instruction  at  the 
Engineer  School  of  Application  at  Willets  Point,  I  am  indebted  for  very  efficient 
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The  foregoing  table  is  based  upon  measurements  of  photographs  made  by  these 
oflScers,  taken  as  nearly  as  possible  at  the  instant  of  maximum  development  The 
last  column  can  be  considered  only  as  approximate,  but  the  figures  are  designed  to 
show  the  maximum  diameter  near  the  water  surface,  exclusive  of  mere  spray. 

Wishing  to  extend  these  measurements  so  as  to  include  more  detiiils,  I  placed  six 
photographic  cameras  side  by  side,  and  so  arranged  the  slides  that  they  could  be 
dropped  at  will  by  electricity,  the  corresponding  time  also  being  recorded  upon  a 
field  chronograph.  By  this  plan  the  successive  phases  of  an  explosion  are  perfectly 
registered  for  future  examination.     The  following  table  exhibits  results  obtained  in 


this  manner 

• 

Column  of  water. 

Exploaive. 

Charge. 

Depth  of 
water. 

Submergence 
of  torpedo. 

Time  after 
exploeion. 

' 

Height 

Diameter 
of  baae. 

P&undt. 

Feet. 

Feet 

Seeonde. 

Feet 

FeeL 

Mortar  po  vder  . . . 

50 

13 

i 

0.1 

'53 

25 

L3 
3.0 
8.6 
4.3 

224 
273 
265 
276 

25 

Mort«r powder  ... 

50 

9 

7 

0.1 

1.2 

1.9 

2.6db 

3.1± 

8.6± 

29 
90 
66 
60 
43 
0 

30 

I 
30 

1 

Mortar  powder  . . . 

50 

9 

6 

0.1 

0.9 

1.2 

1.7± 

2.2db 

2.7± 

32 

76 

06 

116 

115 

101 

30 

Mortar  powder  ... 

50 

9 

3 

0.1 

0.9 

1.2 

1.7± 

2.2^ 

2.7± 

71 
188 

>  •  • 

279 
289 
277 

20 

1 

1 

1 

Dynamite  Ko.1... 

500 

20 

13 

0.1 
0.9 
1.5 
2.6 
5.4 
12.3 

105 
335 
310± 

■  ■  • 

500± 
0 

100 

80 

80 

150        1 
200 

The  photographs  of  the  last  shot  recorded  in  this  table  (500  pounds  of  dj^namite) 
exhibit,  with  great  precision,  the  several  normal  phases  of  a  sub-aqueous  explosion; 
and  as  the  corresponding  times  are  accurately  known,  this  shot  will  be  adopted  as  the 
type  for  a  general  description. 

The  first  picture  was  taken  0.1  of  a  second  after  the  explosion.  The  shock  had 
already  traversed  the  600  feet  which  separated  the  camera  from  the  torpedo,  and  the 
earth  tremor  is  distinctly  shown  by  a  multiplicity  of  images.     The  surface  of  the 
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water  around  the  torpedo,  over  a  diameter  of  200  feet,  is  covered  by  a  misty  spray 
resembling  rain,  which  has  been  thrown  upward  from  tlie  surface  by  the  shock  Over 
the  torpedo  appears  a  dome  of  water  of  which  the  dinmcter  is  about  100  feet  and  the 
extreme  height  about  20  feet.  The  surface  of  this  dome  is  of  a  fleecy  texture;  and 
through  the  top  are  bursting  upward  many  spear-like  jets,  which  cover  a  space  about 
50  feet  in  diameter  and  attain  in  the  middle  an  extreme  height  of  lO.*)  feet.  The  whole 
presents  an  appearance  of  intense  energy  which  can  hardly  be  conveyed  in  words. 

The  second  picture  was  taken  0.9  of  a  second  after  the  explosion  The  tremu- 
lous mist  has  disappeared,  and  the  earth  vibration  is  hardly  perceptible.  The  jet  has 
developed  into  a  massive  column,  of  which  the  extreme  height  is  about  235  feet.  The 
diameter  for  180  feet  above  the  water  is  about  80  feet;  the  lower  half  showing  a 
marked  fleecy  texture  and  the  upper  half  incipient  jets.  Kvery  part  indicates  a  rapid 
upward  motion. 

The  third  picture  was  taken  1.5  second  after  the  explosion.  Ever}'thing  is  still 
tending  upward,  the  extreme  height  being  about  310  feet.  The  fleecy  texture  is  now 
restricted  to  a  height  of  about  30  feet,  all  above  being  blended  into  a  magnificent 
column  80  feet  in  diameter,  with  delicate  upward  sprays  from  every  part.  Under  a 
microscope,  the  texture  for  30  feet  above  the  water  is  most  peculiar,  suggesting 
bunches  of  wool  thrown  loosely  upon  a  dense  white  snow  bank.  Horizontal  tongues 
in  this  part  of  the  jet  indicate  the  beginning  of  a  new  burst  of  gas. 

The  fourth  picture,  2.6  seconds  after  the  explosion,  was  taken  to  catch  the  sec- 
ondary burst  of  water,  which  is  a  characteristic  feature  of  exhibitions  of  this  kind. 
The  column  above  is  still  moving  upward,  with  a  diameter  of  about  80  feet.  The 
lower  fleecy  part  has  developed  horizontally  into  branching  cascades,  which  cover  a 
diameter  of  fully  150  feet  and  form  a  fitting  pedestal  to  the  grand  column. 

The  fifth  picture  was  taken,  5.4  seconds  after  the  explosion,  to  catch  the  appear- 
ance of  the  column  when  at  its  maximum  development.  The  base  has  now  spread 
out  to  a  diameter  of  200  feet,  but  there  is  no  longer  any  exhibition  of  intense  forces 
in  action.  The  vast  cloud-like  column  is  relieved  against  the  sky,  showing  a  general 
diameter  of  about  100  feet  and  an  extreme  height  of  about  50O  feet. 

The  sixth  picture  was  taken  at  12.3  seconds  after  the  explosion.  The  mass  of 
water  has  already  settled  back  into  the  enlarging  circle  which  marks  the  place  of  the 
disturbance,  and  only  a  dissolving  mist  remains  suspended  in  the  air. 

As  already  mentioned,  the  shock  of  this  torpedo  caused  so  strong  an  earth  tremor 
as  to  render  it  impossible  to  obtain  a  sharply-defined  picture  at  the  instant  of  the 
explosion.  At  a  distance  of  half  a  mile  the  effect  resembled  a  sHght  earthquake, 
causing  a  severe  jar  to  be  felt,  windows  to  rattle,  etc.  These  earth  tremors  are  usual 
with  large  torpedo  explosions. 

The  rate  at  which  such  tremors  traverse  the  earth's  surface  has  received  attention 
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in  connection  with  these  investigations.     The  results  have  been  already  published,* 
and  only  a  brief  summary  will  therefoi-e  be  given  here. 

The  observations,  whicli  included  the  great  explosion  at  Hallett's  Point,  were 
made  under  my  direction  by  officers  of  the  Battalion  of  Engineers.  Mercury  seis- 
mometers of  two  types  were  used ;  that  marked  A  having  a  magnifying  power  of  6, 
and  that  marked  B  of  12.  The  instant  of  explosion  and  the  time  of  the  arrival  of  the 
tremor  were  electrically  recorded  on  the  same  moving  paper  with  precision.  The 
following  table  exhibits  the  results  : 


CaoM  or  (liack. 


CspUln  Uvennoro 200  ponndi  djumlto 

UcuteDBDt  Yunnji.... 

LleulSDUit  GHIHti  .... 
LicutpDuit  KLnj^aa . . . 

Lieutenant  LcAch  .... io 

Lieutenant  Klngmau    —  TO  pound*  poirileT 

dii WOptaiiDdidyDUiilte... 

Lipnt«u»Ht  Le»oh do 

LleaUnaDt  Grlffln ZOO  poaiidt  d]-nuiiit« . . . 

Lleutrniiit  Lrarh  ito 

LlcutesHit  OrllDii 70  poandi  powder 


It  Leach 


.J  .. 


Arrtred 

Laatsd 

S.1 

Btamd,. 

«a.o± 

S.3 

72,3 

10. » 

23.S 

S.8 

luL 

0.7 

17.8 

1.M 

8.8 

g.Ni 

17.1 

LIT 

LB 

0.M 

1S.1 

A  discussion  of  these  data  showed  that  type  A  was  defective  from  insufficient 
optical  power;  and  the  results  obtained  with  it  are  only  useful  as  exhibiting  the  rate 
of  advance  of  waves  having  more  intensity  than  belongs  to  the  leading  tremor. 

The  following  genera)  conclusions  were  suggested  by  the  limited  investigation 
which  could  be  ^ven  to  the  subject:  Ist.  A  high  magnifying  power  of  telescope  is 
essential  in  seismometric  observations.  2d.  The  more  violent  the  initial  shock  the 
higher  is  the  velocity  of  transmission.  3d.  This  velocity  diminishes  as  the  general 
wave  advances.  4th.  The  movements  of  the  earth's  crust  are  complex,  consisting  of 
many  short  waves  first  increasing  and  then  decreasing  in  amplitude;  and,  with  a 
detonating  explosive,  the  interval  between  the  tirst  wave  and  the  maximum  wave,  at 
any  station,  is  shorter  than  with  a  slow-burning  explosive.  5th.  For  the  drift  fonnation 
of  which  Long  Island  is  composed,  the  following  are  the  normal  rates  of  advance  of 
the  leading  tremoi's  induced  by  an  explosion  : 


200  pounds  of  dynamite  give  for    1     m: 

200  pounds  of  dynamite  give  for    ft    mi 

50,000  pounds  of  dynamite  give  for    8    mi 

50,00  I  pounds  of  dynamite  give  for  13J  mi 


8,730  feet  per  second, 
les,  .^,280  feet  per  second 
lies,  8,300  feet  per  second, 
les,  5,300  feet  per  second. 


*  Sec  No.  XL,  Printicd  Papers  of  tb«  Eosayona  Club  of  the  Corps  of  Engiueers ;  also  the  American   Joumftl  of 
Science  and  Arts,  Vol.  XV,  March,  llf7'<. 
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An  extensive  series  of  measurements  with  the  apparatus  ah-eady  described  was 
80  conducted  as  to  determine,  for  the  unit  of  surface  exposed  to  the  shock,  both  tlie 
available  kinetic  energy  developed  by  sub-aqueous  explosions  of  various  kinds,  and 
the  mean  intensity  of  action  which  they  severally  would  have  exerted  upon  discs  of 
copper,  acting  tlirough  the  medium  of  a  Rodman  indenting-tool.  The  method  adopted 
for  generalizing  these  data  is  now  to  be  considered. 

In  a  theoretical  consideration  of  the  subject,  the  available  kinetic  energy  per  unit 
of  surface  possesses  decided  advantages  over  the  corre8pi>nding  intensity  of  action ; 
while  the  discovery  of  the  mathematical  law  connecting  the  two,  stated  in  discussing 
the  scale,  renders  it  easy  tp  translate  the  former  into  the  latter,  the  best  quantity  for  a 
general  discussion  of  the  problem  under  consideration. 

The  following  definitions  of  the  vaiious  ayaibols  which  enter  the  formulae  will  be 
given  here  for  convenience  of  reference: 

W  =  That  part  of  the  potential  energy  of  the  explosive  which  is  available  for 

transformation  into  mechanical  work  by  a  sub-aqueous  explosion.     It  is 

expressed  in  foot-pounds  per  square  inch  of  surface  exposed' to  the  shock. 

PzrTho  corresponding  mean  pressure  which  would  be  transmitted  to  a  disc  of 

copper  by  a  Rodman  indenting-tool,  expressed  in  pounds  per  square  inch 

of  surface  exposed  to  the  shock. 

C  =  The  weight  of  the  explosive  in  pounds. 

D  =The  distance  in  feet  from  the  centre  of  the  explosion  to  the  surface  exposed 

to  the  shock. 
S  =  Tlie  submergence  of  the   centre  of  the  charge  below  the  water  surface. 


N  =  The  number  of  fuzes  in  the  charge,  which  are  assumed  to  be  distributed 
unifomnly  throughout  its  entire  mass. 

R  =  The  radius  of  a  sphere  which  equals  in  volume  the  quantity  of  the  explosive 
allotted  to  each  fuze  For  gunpowder,  it  may  be  computed  from  the 
following  formula,  which  is  based  upon  the  assumption  that  one  pound 

contains  30  cubic  inches.     R  =  /V  /^^^^  —  /V  /7.1 61 2  ■    ^'^^^  ^^^ 

fuzes  attached  to  12  feet  of  Gomez  lightning  fuze,  coiled  in  the  torpedo, 

C 

experiment  showed  that  Rzi^-^ 

3  =  The  angle  with  the  vertical  passing  through  the  centre  of  the  charge,  made 
by  a  line  drawn  from  that  point  to  the  surface  exposed  to  the  shock, 
reckoned  from  the  nadir  and  expressed  in  degrees. 

K,  A,  B,  E  =  Constants  to  be  determined  by  experiment 
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There  are  other  variables  which  might  be  expected  to  enter  a  general  formula 
for  a  sub-aqueons  explosion,  but  which  have  not  appeared  to  exert  a  sensible  influence 
in  the  practical  trials  made  at  Willets  Point.  Such,  for  example,  is  the  total  depth  of 
water  at  the  place  of  the  explosion.  With  a  hard  bottom,  it  is  probable  that  when  S 
nearly  equals  this  depth,  i,  e.,  when  the  charge  rests  near  the  bottom,  the  upward 
pressure  is  re-enforced  by  elastic  reaction.  The  bottom  at  Willets  Point  being  soft 
mud,  no  such  effect  has  been  detected  either  with  explosive  compounds  or  mixtures ; 
and  the  quantity  is  therefore  ignored  in  the  text,  although  given  for  each  shot  in  the 
appendices.  Again,  the  nature  of  the  fuze  priming  might  be  expected  to  exert  a 
decided  effect  upon  the  force  developed  by  an  explosive  mixture.  Tliis  point  has 
been  carefully  investigated;  and  the  results  with  gunpowder  appear  to  be  sensibly  the 
same  whether  this  priming  consists  of  fulminating  mercury,  safety  compound  (potassium 
chlorate  and  crude  gamboge),  or  gunpowder. 

In  framing  a  general  formula  for  the  available  energy  developed  by  a  sub-aqueous 
explosion  certain  recognized  principles  are  applicable,  such  as  the  following : 

With  detonating  compounds,  where  the  time  occupied  by  the  chemical  reaction 
is  so  short  that  none  of  the  explosive  is  lost,  it  may  fairly  be  assumed  that  the  avail- 
able energy  developed  is  proportional  to  the  charge.  With  explosive  mixtures  much 
of  the  material  is  tlu'own  into  the  water  unburned ;  unless,  what  in  practice  is  never 
attained,  the  torpedo  case  be  so  exceptionally  strong  as  to  require  the  full  tension 
of  the  gas  to  rapture  it.  Some  function  of  the  charge,  of  which  the  simplest  form 
may  be  assumed  to  be  C  ,  must  therefore  be  placed  in  the  numerator  of  the  second 
member  of  the  general  expression  for  W. 

In  a  perfectly  incompressible  fluid,  the  total  energy  transmitted  througli  it  from 
molecule  to  molecule  must  be  equal  upon  every  spherical  surface  enveloping  the 
explosive  as  a  centre.  In  other  words,  the  energy  at  any  point  must  be  inversely 
proportional  to  the  square  of  the  distance  of  that  point  from  the  centre  of  the  charge 
Water,  liowever,  is  not  a  perfectly  incompressible  fluid. 

Moreover,  a  fonnula  framed  upon  the  supposition  that  the  energ}'-  varies  only  as 
a  power  of  D  would  indicate  an  infinite  energy  for  zero  distance. 

For  these  reasons  the  function  representing  the  distance,  in  the  most  general  case, 
should  be  placed  under  the  form  (D  +  A)  in  which  A  is  a  small  constant,  and  in 
which  the  exponent  must  always  be  nearly  equal  to  two.  This  function  enters  the 
formula  for  W,  of  course,  in  the  denominator. 

The  effect  of  increasing  the  submergence  of  the  charge  is  to  increase  the  pressure 
ipf  the  surrounding  fluid,  and  hence  to  develop  greater  resistance  to  the  formation  of 
the  gas  chamber  at  the  instant  of  explosion.  In  a  practical  formula,  like  that  under 
consideration,  variations  in  the  condition  of  the  atmosphere  may  be  ignored.     A  func- 
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tion  of  the  form  S  placed  in  the  numerator  of  the  second  member  of  the  expression 
for  W,  will  therefore  fulfil  the  needful  conditions. 

Remembering  that  when  R  =  0,  C  can  only  be  zero,  a  little  consideration  will 
show  that  a  function  of  the  forai  R  placed  in  the  denominator  of  the  second  member 
of  the  expression  for  W,  will  fulfil  the  needful  conditions  for  that  quantity. 

The  probable  action  of  the  forces  developed  by  a  sub-aqueous  explosion,  has 
already  been  considered  on  page  1 7,  where  the  reasons  are  stated  for  anticipating  that 
the  normal  line  of  maximum  intensity  will  be  directed  upward ;  and  of  minimum 
intensity,  downwaitl.  A  function  of  tl»e  form  (S  +  E)'  in  the  numerator  of  the  value 
for  W,  will  fulfil  these  conditions. 

From  the  foregoing  considerations,  it  appears  that  the  value  of  W  for  the  most 
general  case  of  a  sub-aqueous  explosion  may  be  expressed  as  follows,  K  being  a  con-, 
stant  dependent  upon  the  nature  of  the  particular  explosive  under  trial: 

Having  a  sufficient  number  of  good  observations  intelligently  varied  in  details,  it 
is  easy  to  detennine  the  values  of  the  unknown  quantities  in  this  equation  by  a  judi- 
cious combination  of  the  graphical  method  with  that  by  least  squares;  and  tlius  to 
frame  a  working  formula,  the  value  of  which  will  be  decided  by  the  accordance 
between  its  indications  and  the  measurements. 

Having  by  this  process  deduced  a  satisfactory  expression  for  W",  it  remains  to 
indicate  the  mode  of  deriving  from  it  an  expression  for  P 

As  already  intimated,  this  will  be  done  by  dividing  "VV  by  the  expression  for  the 
indentations  made  by  Rodman's  cutter  in  his  discs  of  copper,  when  subjected  to  blows 
of  the  pendulum  of  the  same  kinetic  energy  which  determined  the  shortenings  of  the 
standard  /^  lead,  viz : 

(4)  1  =  0.002156  W* 

Remembering  that  the  No.  1  gauge,  of  which  the  piston-head  has  an  area  of  one-  ' 
tenth  of  an  inch,  was  adopted  as  the  standard,  while  W  denotes  the  energy  per  square 
inch  of  surface  exposed,  we  have ; 

P  _  O.I  W 

10-0.002156  (0.1  W)3 

Hence : 

(6)  P^    (0.1  W)^ 

^  00002156 

•  It  only  remains  to  substitute  for  W  in  this  equation  the  value  derived  from  equation 

(5),  and  to  reduce  the  resulting  expression  for  P  to  a  convenient  form  for  practical  use. 

A  comprehensive  series  of  experiments  directed  to  determine  the  numerical  values 

of  the  constants  in  equation  (6),  was  made  with  the  apparatus  already  described.     All 
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the  principal  explosive  agents  were  studied  in  this  manner ;  but,  to  economize  labor, 
advantage  was  taken  of  the  broad  distinction  between  them  based  upon  their  chemical 
constitution  as  compounds  and  mixtures.  As  a  rule,  the  former  may  be  easily  deto- 
nated, while  the  latter  explode  by  rapid  combustion.  Under  any  circumstances,  this 
difference  is  fundamental ;  but  it  is  particularly  so  with  operations  under  water,  where 
the  strength  of  the  case  is  usually  insufficient  to  prevent  rupture  before  the  full  vol- 
ume of  gas  theoretically  available  from  an  explosive  mixture,  can  be  generated.  In 
such  cases  an  unknown  portion  of  the  charge  may  be  thrown  into  the  water  unbumed, 
thus  modifying  the  result  in  a  manner  not  easy  to  foresee. 

To  reduce  the  expense  and  labor  as  much  as  possible,  the  general  project  con- 
templated a  full  study  of  only  one  typical  explosive  of  each  class — trusting  that  a  few 
shots  carefully  planned  would  develop  the  peculiarities  of  others  of  the  same  gen- 
eral nature.  Gunpowder  was  selected  as  a  fair  type  for  chemical  mixtures,  and  dyna- 
mite No.  I  for  chemical  compounds.     The  data  for  each  class  will  now  be  considered 

in  detail. 

AVALTSIS  OF  THE  DATA  FOB  EXPLOSIVE  MIXTURES. 

Mortar  powder  was  selected  as  the  most  convenient  variety  of  this  class  of  explo- 
sives; and  65  unexceptionable  shots  were  fired,  under  the  conditions  needful  to  deter- 
mine the  numerical  values  of  the  several  unknown  quantities  in  the  general  formulae 
given  above. 

Mortar  Powder.— In  these  experiments  the  charges  varied  from  25  to  300  pounds; 
the  submergence,  from  G  to  68  feet ;  and  R,  from  3  to  11  inches.  All  the  details  of 
the  several  shots  will  be  found  in  Appendix  A. 

Being  convinced,  at  the  outset,  that  the  best  explosive  for  the  torpedo  service 
would  be  found  among  explosive  compounds,  the  study  of  explosive  mixtures  was 
mainly  undertaken  to  throw  light  upon  certain  peculiar  features  of  this  class:  and  no 
attempt  was  made  to  minutely  investigate  the  function  of  the  distance — which,  offer- 
ing great  difficulties  witli  the  large  charges  employed,  could  be  studied  more  accurately 
with  explosive  compounds.  Trials  were  therefore  restricted  to  the  3*foot,  4-foot,  and 
5-foot  rings — giving  for  D  a  range  varying  only  from  1.12  to  2.12  feet.  For  this  rea- 
son, the  exponent  of  its  function  was  assumed  to  be  2 ;  a  value  which,  from  the 
general  principle  of  the  conservation  of  energy,  must  very  closely  approximate  to  the 
truth. 

The  study  of  the  function  (5  +  E)*  was  simplified  by  the  symmetrical  arrange- 
ment of  the  gauges,  which  rendered  it  admissible,  in  the  first  analysis  of  the  data,  to 
assume  it  to  be  unity  for  the  mean  of  the  six  ring  gauges.  Since  two  of  these  gauges 
were  60^  above,  two  60^  below,  and  two  in  the  same  horizontal  plane  as  the  charge, 
this  assumption,  in  effect,  restricts  the  indications  of  the  resulting  formula  to  that  plane. 
The  subject  will  be  considered  more  fully  hereafter. 
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A  cai'eful  study,  by  the  graphical  method,  showed  that  A  could  differ  but 
slightly  from  unity,  and  that  value  was  accordingly  adopted. 

The  general  formula,  equation  (5),  was  then  placed  under  the  following  form, 
suited  for  the  application  of  the  method  of  least  squares. 

log.  W+2  1og.  (D  +  l)  =  log.  K+ilog.  S+Uog.C  — .log.  R 

From  the  65  equations  of  condition  the  following  4  normal  equations  were 
derived : 

82.7427=    46.1013  log.  K+    67.7481  r+    86.6107.-33.0122. 

I19.ij396=    66.0000  log.  K  +    97.2164  ,+ 124.4341  .-4.6.1013  . 

178.8474  i=    97  2164  log,  K+  148.2486  r+ 186.1731  .-67.7481. 

23.6.8017  =  124.4341  log.  K  + 186.1731  >+ 241.7686  .-86.6107  . 

Whence ; 

K  =  0.026 
,  =  0.026 
.  =  1.934 
,  =  0.460 

Substituting  these  values  in  equation  (5),  it  becomes  for  the  horizontal  plane 
containing  the  charge : 

0.025  S°«'    C''» 
^^  (D  +  1)'R''« 

To  pass  from  tins  energy  formula  to  the  corresponding  expression  for  the  mean 
pressure  developed  hy  the  explosion,  combine  equations  (fi)  and  (7) ;  and,  by  slightly 
modifying  the  numerical  values  of  the  constants,  reduce  the  resulting  equation  to  a 
convenient  working  form,  viz : 


(8) 


/790S»  C'-\> 
-V(D+l)'VEy 


The  following  table  exhibits,  in  a  more  compact  form  than  Appendix  A,  the  data 
from  which  the  constants  in  these  fomiuls  have  been  derived,  and  also  the  degree  of 
accordance  between  their  indications  and  the  observations.  It  is  considered  that  the 
latter  is  sufficiently  close  to  waiTant  their  adoption.  The  possibility  of  leakage  must 
be  remembered,  and  to  this  cause  may  fairly  be  attributed  some  of  the  discrepancies; 
the  explanation  of  others  will  be  given  hereafter. 

The  following  abbreviations  are  used  in  tlie  sixth  column  of  the  table:  F.  M., 
fulminating  mercury;  S.  C,  safety  compound;  Gun.,  gunpowder;  F.  M  &  G.,  ful- 
jninating  mercury  primings  and  12  feet  of  Gomez  fi;ze. 
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^tmmary  of  mortar-pmceler  ej)perimenta — Continued. 
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Thus  far,  as  already  explained,  the  analysis  has  been  based  upon  conditions 
which  restrict  the  resulting  formulee  to  the  horizontal  plane  containing  the  charge.  . 
The  next  step  is  to  study  the  effect  of  varying  the  vertical  angular  direction  of  tlie 
body  receiving  the  shock. 

It  might  appear  tliat  the  indications  of  the  buoy  and  shackle  gauges  would  furnish 
every  needed  facility  for  this  discussion,  as  well  as  for  testing  the  effect  of  great 
variations  in  distance ;  but,  as  will  hereafter  be  proved,  the  motion  of  these  gauges 
away  from  the  centre  of  explosion,  totally  changes  their  indications  and  renders  them 
wortliless  for  these  objects.  The  only  resource,  therefore,  is  to  study  the  individual 
ring  gauges ;  of  which,  it  will  be  remembered,  Nos.  I  and  t  are  60°  above,  and  Nos.  5 
and  6,  60°  below,  the  horizontal  plane  containing  the  charge  and  Nos.  3  and  4. 

The  following  table  exhibits  a  general  summary  of  observations  with  explosive . 
mixtures,  the  details  of  which  will  be  found  in  Appendix  A.  Every  shot  for  which  six 
perfect  records  were  secured  is  included. 
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Analg«is  of  the  vertical  angular  function. 
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Tliia  table  proves  conclusively  that,  with  explosive  mixtures,  there  is  no  well- 
marked  difference  in  the  initial  intensities  of  action  in  different  directions  in  a  vertical 
plane  passing  through  the  centre  of  explosion,  when  the  number  of  observations  is 
sufficiently  multiplied  to  eliminate  the  disturbing  effect  of  anomalies. 

Nevertheless,  a  study  in  detail  of  the  data  which  makes  up  this  table  will  reveal 
the  fact  that  this  general  law,  deduced  from  the  grand  mean,  does  not  &pply  to  indi- 
vidual shots — which  usually  indicate  a  decided  maximum  intensity  in  some  direction. 
Hence  the  general  law  is  due  to  a  wide  and  apparently  anomalous  variation  in  Ibis 
line  of  direction.  In  other  words,  there  is  usually  a  marked  burst  of  gas,  but  it  is  as 
likely  to  occur  in  one  direction  as  another. 

Shot  No.  180  furnishes  a  good  example  to  illustrate  this  tendency.  The  charge 
was  300  pounds  of  mortar  powder,  exploded  in  the  5-foot  ring  submerged  5."^  feet 
below  the  surface,  in  water  108  feet  deep.  There  were  nine  fuzes  well  distributed 
through  the  mass.  The  following  figures  exhibit  the  observed  mean  pressures  in 
pounds  per  square  inch,  arranged  as  nearly  in  their  true  relative  positions  as  the  types 
will  permit  The  plane  of  the  paper  represents  the  vei*tical  plane  containing  the  ring, 
the  top  of  the  page  being  directed  toward  the  water  surface. 


Mo.  I.    12,979 


25,072    Mo.  ». 


Mo.  S.    10,U8  Torpedo.  16,118    Mo.  4. 

Mo.  3.    6,863  8,175    Mo.  6. 

Evidently,  in  this  shot  the  box  first  burst  open  near  gauge  No.  2  ;  and  tlie  supply 
of  gas,  sustained  for  an  instant  by  the  combustion  within,  poured  out  as  from  the 
muzzle  of  a  gun,  chiefly  in  that  direction.  Toward  No.  5  a  corresponding  minimum 
is  apparent  The  duration  of  this  directive  action  was,  of  course,  excessively  short; 
for  the  box  was  broken  into  many  well-compressed  fragments,  although  made  of  3-inch 
hemlock. 
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In  fine,  then,  it  appears  that,  with  explosive  mixtures,  the  direction  of  the  line  of 
maximum  initial  intensity  of  action  is  chiefly  determined  hy  the  accidental  yielding 
of  the  case ;  and  hence  that  the  above  fomiuUe  may  be  considered  general  in  respect  to 
direction.  It  will  be  seen,  hereafter,  that  a  very  different  and  well  marked  law 
governs  explosive  compounds;  the  detonation  of  which  usually  subjects  the  case  to  ao 
sudden  and  enormous  a  strain  as  to  literally  pulverize  it 

It  may  be  remarked  that  this  peculiar  action  of  explosive  mixtures,  in  respect  to 
direction,  very  probably  explains  some  of  the  discrepancies  of  the  mortar-powder 
table  given  above.  Unless  the  case  should  first  open  in  tlie  plane  of  the  ring  the 
maximum  impulse  would  escape  measiu-ement,  and  the  resulting  mean  energy  would 
be  too  small. 

In  order  to  compare  mortar  powder  with  certain  other  explosive  mixtures,  for  use 
in  sub-aqueous  explosions,  a  few  shots  were  fired  with  mammoth,  cannon,  musket,  and 
fine  sporting  rifle  powder;  with  a  slow  burning  powder  made  by  replacing  a  part  of 
the  carbon  by  unearbonized  peat;  and  with  the  safety  compound  of  the  Oriental 
Powder  Company,  which  consists  of  an  intimate  mixture  of  potassium  clilorate  and 
crude  gamboge. 

As  these  mixtures  all  explode  by  the  ignition  and  combustion  of  the  individual 
grains,  they  may  be  assumed  to  resemble  mortar  powder  sufficiently  to  be  governed 
approximately  by  the  laws  indicated  in  equation  (8).  If  so,  it  is  only  needful  to  find 
new  values  for  the  numerical  constant.  This  has  been  done  by  computing  for  each 
shot  the  value  of  P  by  equation  (8),  and  then  dividing  the  observed  P  by  this  quantity. 
The  mean  of  all  such  ratios,  raised  to  the  three-half  power,  is  then  multiplied  by  the 
constant  790  of  the  mortar-powder  formula;  and  the  product  is  adopted  as  the  value 
of  that  constant  for  the  particular  explosive  in  question.  The  results  will  now  be 
noticed  in  turn. 

Kunmotb  Powder. — This  explosive  was  only  tested  to  make  the  list  complete;  for  its 
combustion  being  exceedingly  slow,  it  is  cerbiin  that  the  grains  must  be  thrown  into 
the  water  before  they  have  time  to  bum.  That  this  is  the  case  was  evident  from  the 
appearance  of  the  jets,  which  were  only  about  \h  feet  high,  and  discolored  by  grains 
of  powder.  The  boxes  were  broken  into  large  pieces,  showing  little  intensity  of  action. 
The  following  table  exhibits  the  details  of  the  experiments. 

Smntnary  of  nuimmoih-foipder  experiments. 
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The  formula  deduced  for  mammoth  powder  by  the  procesn  indicated  above  is 
the  following;  and  it  would  appear  from  the  table  that  the  advantage  of  numerous 
points  of  ignition  is  greater  than  with  mortar  powder,  a  reault  naturally  to  be  expected : 


(9) 


/19S»C1"    Y 


The  ratio  derived  from  those  expeiHments  for  the  relative  strength  of  mammoth 
to  mortar  powder,  in  sub-aqueous  explosions,  is  0.083 ;  white  the  reciprocal  of  the  like 
ratio  between  the  sizes  of  the  grains  is  0.107,  showing  that  the  strength,  for  use  under 
water,  is  nearly  inversely  proportional  to  the  size  of  the  grains. 

OliTor  Fowdor.— But  one  shot,  No.  369,  was  fired  with  this  explosive,  as  it  was 
known  to  be  a  slow  burning  grade,  designed  specially  to  give  a  sustained  force  with 
little  smoke  in  rock  blasting.  The  composition  and  process  of  manufacture  are  novel. 
The  distinguisliing  peculiarity  is  the  substitution  of  uncarbonized  peat  for  charcoal, 
in  varying  proportions.  The  charge  was  composed  of  75  parts  of  nitre,  10  of  sulphur, 
10  of  charcoial,  and  5  of  uncarbonized  peat,  the  whole  weighing  72.5  pounds.  The 
powder  was  unglazed,  but  free  from  dust,  and  of  a  clear  brown  color.  The  size  of 
the  grains  varied,  the  charge  being  an  equal  mixture  of  two  kinds,  one  cannon  and 
the  other  musket 

The  shot  was  fired  in  the  4-foot  ring,  35  feet  b^low  the  surface,  in  90  feet  of 
water,  being  ignited  by  one  fulminating  fuze.  The  case  was  an  ordinary  beer-keg. 
The  jet  was  small  and  discolored  with  nnburned  grains.  The  distance  from  the  centre 
of  the  charge  to  the  gauges  was  1.62  feet.  The  measured  energy  per  square  inch  of 
surface  exposed  (mean  of  six  gauges)  was  8.04  foot-pounds;  and  the  mean  pressure, 
276  pounds.  The  ratio  of  strength  to  that  of  mortar  powder  is  from  these  figures 
0.086,  giving  the  formula  : 


«     /20S«  C"    V 


The  introduction  of  the  peat  and  the  peculiarities  of  manufacture  have  evidently ' 
so  retarded  combustion  as  to  render  this  explosive  sensibly  the  equivalent  of  mammoth 
powder  when  fired  under  water.  Hence,  although  quite  unsuited  for  torpedoes,  a  trial 
in  cannon  might  develop  valuable  properties. 

Cumon  Powder.— The  trials  with  this  grade,  also,  were  merely  formal ;  and  the  fol- 
lowing table  exhibits  the  results.  The  jets  all  indicated  much  more  intensity  of  action 
than  was  developed  by  mammoth  powder ;  and  shot  No.  1 1 4  threw  the  whole  appa- 
ratus into  the  air,  with  the  column  of  water. 
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Summary  of  eann<m-p9tcder  «rpeHmente. 
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The  formula  deduced  from  these  observations,  whiph  it  will  be  noticed  show 
marked  variations  between  diiferent  shots,  is :    . 


(11) 
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The  ratio  indicated  by  these  experiments  for  the  relative  strength  of  cannon  and 
mortar  powder  in  sub-aqueous  explosions  is  0.177,  the  reciprocal  of  the  like  ratio 
between  the  sizes  of  grain  being  0.27.  This  is  the  largest  difference  between  these 
ratios  noted  for  the  different  grades  of  gunpowder. 

■iuk«t  Powder.— Althougfi  this  grade  is  better  adapted  to  the  needs  of  the  torpedo 
service  than  mortar  powder,  the  difference  is  not  so  great  as  to  c^Tl  for  many  com- 
parative trials.     The  following  table  exhibits  the  results  obtained: 
Summarp  of  muaket-pmeder  experimenti. 
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A  discussion  of  these  siiobi,  by  the  usual  methods,  gives  for  the  equation  of 
musket  powder; 

16B4S»     C- 


(12) 


P 


=  V(U+1)"   VKJ 


I  +1)'  VK  , 

The  deduced  ratio  for  relative  strength,  as  compared  with  mortar  powder,  is  1.57, 
the  reciprocal  of  that  between  the  sizes  of  grain  being  1  80. 

Sporting  PowdOT.— If  it  should  ever  be  necessary  to  employ  gunpowder  in  a  torpedo, 
it  is  certain,  upon  general  principles,  that  the  quicker  the  variety  the  better  will  be  the 
result     To  determine   the  maximum   intensity  of  action  to  be  expected  from  this 
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explosive,  some  Orange  Lightning  powder  was  procured  from  the  Laflin  &  Rand 
Powder  Company  as  a  fair  sample  of  the  best  quality  of  sporting  powder.  It  was 
supplied  in  VS-pound  kegs,  at  a  cost  of  7(1  cents  per  pound,  being  sold  in  flasks  at  Si- 
Three  grades  were  purchased — No.  2,  No.  3,  and  No.  5 — the  first  named  being  slightly 
the  finer.  The  standard  initial  velocity  of  No.  3,  fired  in  a  musket,  is  1,700  feet  per 
second.  It  ])robahly  could  have  been  purchased  in  bulk  for  45  cents  per  pound 
moi-tar  powder  costing  20  cents. 

Two  charges  were  exploded,  each  being  mixtures  of  equal  parts  of  two  grades'. 
Th6  following  table  exhibits  the  results: 
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Discussed  as  above  indicated,  these  results  give  the  following  formula  for  sporting 
powder: 


(13) 
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The  ratio  of  strength  between  sporting  and  mortar  powder,  as  indicated  by  these 
experiments,  is  2.^  I ;  the  reciprocal  of  that  between  the  sizes  of  grain,  as  nearly  as 
could  be  determined,  being  2.66. 

Safety  Componnd,  Oriental  Powder  Company.— This  mixture  of  potassium  chlorate  and 
gambier  was  selected  as  a  type  of  the  general  class  of  explosives  in  which  potassium 
chlorate  is  the  oxydizing  substance.  As  is  well  known,  these  mixtures  are  character- 
ized by  far  quicker  and  more  intense  action  than  the  nitrates;  but  they  are  also 
justly  regarded  as  dangerous  by  reason  of  undue  sensitiveness  to  friction. 

This  particular  variety  was  introduced  in  this  coimtry  by  the  Oriental  Powder 
Company,  and  shortly  after  tlie  war  was  considerably  used  in  the  oil  wells  of  Penn- 
sylvania and  elsewhere.  It  has  been  driven  from  the  market  by  the  nitro-glycerine 
compounds,  which  have  proved  to  be  both  stronger  and  safer  to  handle.  This  variety 
is  inferior  to  some  others  of  its  general  class,  because  very  liable  to  cake,  especially 
if  exposed  to  warm  weather.  If  kept  on  hand  for  any  considerable  length  of  time  it 
greatly  deteriorated  from  this  caking,  and  also  from  moulding.  The  powder  was  sup- 
plied in  three  grades — X,  XX,  and  XXX ;  but  the  boxes  were  often  not  marked,  and 
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the  eye  distinguished  little  difference  between  the  grades.  For  these  reasons,  i 
framing  the  formula  ho  distinction  was  attempted. 

For  work  under  water,  the  quickness  of  this  powder  renders  it  so  much  superic 
to  any  grade  of  gunpowder  that  it  can  hardly  be  considered  commensurable  with  i 
Thus,  gunpowder  enclosed  in  2-inch  pine  disrupts  the  case  into  comparatively  larg 
pieces,  often  permanently  compressed  to  one  and  a  half  inches ;  safety  compoun 
pulverizes  it,  so  that  only  small  slivers  appear  at  the  surface  of  the  boiling  water. 

No  charge  of  gunpowder  acts  quickly  enough  to  upset  the  hardened-steel  pir 
by  which  the  energy  developed  by  the  explosion  is  transmitted  to  the  leads  in  th 
gauges.  The  result  is  quite  different  with  safety  compound ;  and  it  has  been  foun 
that  only  comparatively  smalt  charges  could  be  measured  in  the  rings  from  this  cans* 
Indeed,  two  gauges  placed  inside  an  18-pound  charge  were  so  jammed  and  upset  thi 
they  could  not  be  opened. 

The  effect  upon  the  water  over  the  torpedo  is  also  different  from  that  of  a  gui 
powder  explosion,  being  evidently  more  sudden  and  violent;  fish  are  killed  at  a  muc 
greater  distance;  the  three  distinct  sounds,  already  mentioned,  are  also  a  characterists 
of  this  explosive. 

The  following  table  shows  the  results  of  the  trials.  The  cases  (as  stated  i 
Appendix  A)  were  usually  of  pine,  1  inch  thick,  with  a  tamping  of  sawdust  aroun 
the  bag  containing  the  powder. 
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SUB-AQUEOUS  EXPLOSIONS. 


The  last  two  shots  were  fired  to  test  the  eflFect,  in  sub-aqueous  explosions,  of 
mixing  safety  compound  half  and  half  with  gunpowder,  a  device  said  to  be  advan- 
tageous in  rock  blasting.  The  figures,  compared  with  the  three  similar  shots  imme- 
diately preceding,  seem  to  indicate  that  the  gunpowder  adds  little  or  nothing  to  the 
forces  developed  under  water. 

The  formula  for  safety  compound,  deduced  from  these  observations  by  the 
process  already  explained,  is  the  following,  the  ratio  of  strength  as  compared  with 
mortar  powder  being  30.62  dh  1.53 : 


(14) 


P  = 


/13383  S 


V     (D  +  1) 


jO        Q1.M    Y» 

0'  R~y 


It  is  altogether  probable  thirt  the  greater  quickness  of  the  chlorate  class  may 
modify  the  value  of  the  functions  of  C  and  R  entering  this  formula,  but  the  data  not 
being  sufficient  to  thoroughly  discuss  the  point,  no  change  has  been  considered 
advisable. 

Biscusaion  of  the  FormulflB.— Although  it  cannot  be  claimed  that  the  foregoing  for- 
mulae are  based  on  sufficient  data  to  place  them  beyond  the  range  of  future  improve- 
ment, it  is  certain  that  their  general  accordance  with  the  observations  is  as  good  as 

> 

that  of  the  latter  among  themselves ;  and  hence  that  they  are  entitled  to  be  accepted 
as  the  best  guide  at  present  in  generalizing  upon  the  effect  of  varying  certain  of  the 
conditions  under  which  charges  of  explosive  mixtures  are  used  in  torpedo  warfare. 

Thus,  for  example,  the  relative  strength  of  the  different  explosives  under  trial  is 
indicated  with  all  needful  precision  for  use  under  water  by  the  two-third  power  of  tlie 
constant  K  in  these  equations.  As  already  seen,  these  relative  values  for  the  different 
grades  of  common  gunpowder  are  so  nearly  inversely  proportional  to  their  sizes  of 
grain  that  this  rule  may  be  adopted  in  making  a  practical  estimate. 

The  small  exponent  of  S  in  these  formulae  shows,  very  conclusively,  that  the 
increased  pressure  of  the  water  has  but  little  effect  upon  the  forces  developed  by  the 
explosion.  The  numerical  value  of  the  function  of  the  submergence  in  the  intensity 
formula,  only  increases  from  1  046*  to  1.111*  when  this  quantity  changes  from  6  feet 
to  68  feet,  indicating  a  gain  of  only  about  5  per  cent;  and  it  will  be  noted  that  the 
measurements  accord  with  this  result. 

The  large  value  of  the  exponent  of  C  throws  much  light  upon  the  influence  of 
the  conflicting  conditions  affecting  this  quantity  in  gunpowder  explosions.  From  the 
principle  of  the  conservation  of  energy,  if  all  the  powder  were  consumed,  this  expo- 
nent must  be  nearly  unity.  The  strength  of  the  cases  .was  far  too  little  to  produce 
this  result,  as  is  directly  proved  by  shots  171  to  176,  fired  in  the  3-foot  ring.     Five 
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of  them  were  fired  in  stout  wooden  boxes  of  2-inch  pine,  each  made  to  contaii 
exactly  25  pounds  of  powder.  The  obaerved  energies  and  pressures  per  square  inct 
of  surface  exposed  (mean  of  six  gauges)  were : 

No.  171.  Moan  energy,  1.48  foot-pounds;  mean  pressure,  1,294  pounds. 
No.  172.  Mean  energy,  1,66  foot-pounds;  mean  pressure,  1,346  pounds. 
No,  173.  Mean  energy,  1,42  foot-pounds;  mean  pressure,  1,237  pounds. 
No.  174.  Mean  energy,  1.48  foot-pounds;  mean  pressure,  1,283  pounds. 
No.  176.     Mean  energy,  1.43  foot-pounds ;  mean  pressure,  1,244  pounds. 

Mean 1.49  1,281 

The  other  shot  was  fired  in  a  strong  cast-iron  torpedo  about  1.5  inches  thick 
which  also  contained  exactly  25  pounds,  giving : 

No,  175.     Mean  energy,  12.39  foot-pounds;  mean  pressure,  5,250  pounds. 

These  figures  exhibit  the  enormous  loss  of  power  which  results  from  employinj 
barrels  and  similar  cases  to  contain  charges  of  gunpowder  fired  under  water.  Ai 
experiment  of  a  quite  different  character,  made  in  February,  1871,  has  a  bearing  upoi 
this  subject,  and  will  therefore  be  reported  here. 

A  charge  of  5'>  pounds  of  mortar  powder,  in  a  1-inch  50-pound  box,  was  fire( 
at  Willets  Point  upon  the  surface  of  ice  about  7  inches  thick.  Ten  fuzes  were  used 
well  distributed  through  the  powder.  The  explosion  broke  a  circular  hole  througl 
the  ice  5  feet  in  diameter,  surrounded  by  several  concentric  cracks  extending  abou 
1.5  feet  further,  with  many  radial  cracks.  The  box  was  broken  into  small  fragments 
some  of  which  were  thrown  to  a  great  height.  Unburned  grains  of  powder  wer 
distributed  quite  uniformly  over  the  ice,  the  most  distant  being  about  '.  Ofeet  i 
radial  belt  1  inch  wide  was  laid  off,  and  the  number  of  grains  on  it  were  carefulh 
counted ;  875  being  thus  found  in  S51  running  inches.  One  hundred  grains  troy  o 
the  powder  were  found  by  count  to  contain  1,618  gi-ains.  Hence,  the  area  over  whici 
the  powder  was  distributed  being  2,275,000  square  inches,  with  an  average  of  abou 
1  grain  of  powder  per  square  inch,  It  is  easily  computed  that  about  20  pounds  of  th< 
50-pDund  charge  were  thrown  out  unburned. 

These  facts  prove  that  the  foregoing  formulae  are  applicable  only  to  explosion 
in  ordinary  wooden  torpedoes^  in  which  a  large  part  of  the  potential  energy  of  tl)< 
explosive  cannot  be  utilized ;  and  they  explain  why  great  discrepancies  are  to  b 
expected  in  results  obtained  from  shots  fired  under  similar  conditions  They  als' 
explain  the  reason  why  C  has  so  large  an  exponent ;  namely,  because  within  th 
limits  and  under  the  conditions  of  the  experiments  the  larger  the  charge  the  mor 
perfectly  id  it  burned.    This  is  but  natural,  since  the  interior  grains  surrounded  b; 
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flame  must  be  more  perfectly  consumed  than  if  thrown  at  once  into  the  water,  as  in 
a  small  charge. 

The  great  imporbince  of  many  well  distributed  points  of  ignition  is  shown  by 
the  function  of  R  (the  cube  root),  which  enters  tite  intensity  formula.  For  example, 
let  the  mean  pressure  per  square  inch  exerted  upon  a  vessel  1 0  feet  distant,  by  an 
explosion  of  2,000  pounds  of  moi-tar  powder  placed  30  feet  below  the  surface,  be 
computed  by  equation  (S). 

With  1  fuze,    R  =  24  J ;  and  P  =  23,730  pounds. 

With  2  fuzes,  R  =  19.8;  and  P  =  25,630  pounds. 

With  4  fuzes,  R  =  15;      and  P  =  27,870  pounds. 

With  8  fuzes,  R  =  1 2 ;      and  P  =  30,015  pounds. 

With  -^0  fuzes,  R=    9;      and  P  =  33,040  pounds. 

With  66  fuzes,  R=    (i;      and  P  =  37,820  pounds. 
With  535  fuzes,  R  =    3;      and  P  =  47,6.')0  pounds. 

These  figures  are  based  upon  the  supposition  that  a  torpedo  relatively  as  strong 
as  those  used  in  my  trials  is  employed.  The  Confederates  often  used  old  steam  boilers 
for  such  charges;  and  in  that  case  even  a  higher  scale  of  increase  in  intensity  of  action 
might  probably  be  obtained. 

The  importance  of  a  spherical  form  for  the  charge  is  a  natural  deduction  from 
this  analysis.  The  long  cylindere  adopted  for  obstruction  removers  during  the  late 
war  (1  feet  long  by  12  inches  in  diameter)  evidently  must  have  involved  an  enormous 
waste  of  powder. 

Large  D«toiiatii^[  Primnt. — As  already  stated,  experiment  developed  no  sensible 
difference  in  the  explosive  force  of  gunpowder  fired  under  water  which  could  be 
traced  to  the  nature  of  the  fuze  priming.  Twenty  grains  of  fulminating  mercury 
seemed  often  to  be  no  more  effective  than  a  simple  flame  of  gunpowder.  It  remained 
to  extend  the  scope  of  the  investigations  still  further  in  this  direction. 

An  explosion  is  simply  a  chemical  reaction,  in  or  between  molecules,  by  which  a 
volume  of  heated  gas  much  larger  than  that  of  the  original  substances  is  formed  sud- 
denly. Upon  the  degree  of  suddenness  depends  the  possible  intensity  of  the  action. 
With  mechanical  mixtures  the  reaction  can  only  occur  after  the  lapse  of  a  sensible, 
although,  perhaps,  very  short,  interval  of  time ;  thus,  with  gunpowder  the  grains  must 
be  first  successively  ignited  and  then  consumed,  involving  a  motion  of  the  atoms 
through  comparatively  long  distances.  With  chemical  compounds,  like  nitro-glycerine, 
for  example,  the  atoms,  so  to  speak,  are  already  in  position ;  and  the  atomic  change 
exacts  comparatively  very  little  atomic  motion,  and,  consequently,  so  little  time  that 
we  say  the  reaction  is  instantaneous,  and  call  it  detonation. 

It  is,  nevertheless,  true  that  by  varying  the  circumstances  under  which  explosion 
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is  produced  very  difiFerent  intensities  of  action  may  be  obtained  from  all  or  nearly 
explosives  Probably  these  variations  form  a  series,  ^ving  several  orders  of  exp 
sion ;  but  at  present  only  two  are  generally  recognized,  viz,  the  first  order  (or  de 
nation)  and  the  second  order. 

This  fact  of  variation  in  explosive  force  has  long  been  recognized  for  chemi 
compounds,  but  recently*  MM.  Roux  and  Sarrau  have  extended  it  to  musket  powd 
and  claim  that  more  than  four  times  the  usual  explosive  force  may  be  obtained 
using  nitro-glycerine  detonated  by  fulminating  mercury  as  the  primer.  They,  ho 
ever,  lay  stress  upon  the  condition  that  the  detonating  force  must  be  exerted  simul 
neously  upon  all  parts  of  the  mass,  which,  of  course,  involves  the  use  of  primi 
relatively  so  large  as  to  render  the  discovery  of  little  practical  value.  In  th 
reported  experiments  they  employed  1.15  and  1.35  grammes  of  musket  powder  wi 
respectively,  0  2  and  0  3  grammes  of  fulminating  mercury  and  0.6  and  0.4.'i  gramn 
of  nitro-glycerine;  i.  e.,  their  detonators  were  considerably  more  powerful  than  th 
charges. 

Thinking  that,  in  explosions  under  water,  where  so  much  of  the  potential  ener 
of  the  charge  is  usually  lost,  it  might  be  possible  to  utilize  a  larger  portion  by  emplc 
ing  a  detonating  primer  of  nitro-glycerine  or  gun-cotton,  I  made  a  few  experimei 
to  test  the  matter. 

Six  shots  were  fired  in  the  3-foot  ring.  Each  charge  was  48  pounds  of  nmsl 
powder,  enclosed  in  and  filling  a  tin  can  (No.  4).  Tlie  submergence  was  S'.i  ft 
For  two  shots,  the  primer,  placed  centrally  in  the  chaise,  consisted  of  one-fourth 
a  pound  of  dynamite,  in  a  paper  cylinder  9  inches  long,  detonated  by  a  service  fv 
containing  20  grains  of  fulminating  mercury;  for  two  of  the  others,  the  primers,  si 
ilarly  placed,  consisted  of  a  like  amount  of  dry  compressed  gun-cotton  inch  discs 
inches  long,  detonated  by  an  Abel  fuze;  the  remaining  shots  were  fired,  for  comp; 
isoo,  with  a  service  fuze  containing  20  grains  of  fulminating  mercury.  Two  ad 
tional  shots  were  fired,  under  similar  conditions,  to  measure  the  work  due  to  I 
dynamite  primers.  They  were  enclosed  in  small  tin  cylinders,  just  large  enough 
receive  them,  and  were  detonated  by  service  fuzes,  as  before. 

The  following  table  exhibits  the  results  of  these  experiments.  Lest  the  fon 
developed  by  the  simple  primers  be  under-estimated,  it  may  be  well  to  remark  tl 
when  they  were  fired  alone,  fish  darted  from  the  water  at  a  distance  of  100  yar 
and  that  the  shock  in  a  boat  vertically  over  the  ring  was  so  severe  as  to  overtun 
can. 

■  CompteH  Retidiis,  October  5,  1874, 
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J?a3>ertm«nt»  with  large  detonating  primen. 


No.  of 
•hot. 

Gunpowder. 

Pimndt. 

470 

48 

471 

48 

472 

48 

473 

48 

474 

48 

475 

48 

476 

None. 

AT! 

None. 

Primer. 


None 

None 

4-onnce  dynamite 
4-onnee  dynamite 


4-oanoe  gun-cotton. 
4<onnee  gun-cotton 
4  ounce  dynamite   . 
4-ounce  dynamite . . 


Mean  of  6;  Pressure  per 
gauges,     square  inch. 


Fowmdt, 
5k8«4> 
S.fi08> 
7, 174  I 
7,77«> 

•.8MI 
10,  111  > 

5.083) 
M56> 


Paundi. 

5^481 

7,476 

9,820 
M06 


These  figures  show  that  while  the  actual  force  developed  was  increased  by  the 
use  of  the  primer,  the  gain  did  not  equal  that  added  by  the  primer  itself.  This  result 
is  confirmed  by  the  appearance  of  a  large  piece  of  one  of  the  cans,  which  was  grooved 
by  grains  of  gunpowder  that  had  been  driven  against  it  like  so  much  sand,  under  the 
sudden  burst  of  gas  from  the  primer. 

Evidently,  to  derive  the  full  theoretical  advantage  from  this  method  of  firing 
explosive  mixtures,  a  case  sufficiently  large  and  strong  to  resist  the  explosion  of  the 
primer  is  requisite ;  but  even  with  the  weak  cases  usually  employed  for  gunpowder 
the  aggregate  eflFect  of  charge  and  primer  appears  to  largely  exceed  that  due  to  the 
gunpowder  alone ;  and,  if  these  few  trials  can  be  trusted,  gun-cotton  appears  to  be 
superior  to  dynamite  for  this  use. 

Aix^Chamber  within  the  Torpedo.— The  question  has  been  mooted  whether  or  not  an 
air-chamber  in  the  torpedo  has  an  efibct  in  determining  the  direction  of  the  blast,  and 
hence  the  line  on  which  the  maximum  intensity  of  action  is  to  be  expected. 

Experiments  upon  a  small  scale  have  been  published  proving  that  with  cylin- 
drical tin  cases,  3  feet  long  and  6  inches  in  diameter,  and  an  air  space  twice  the  length 
of  the  charge  (lO  pounds),  no  such  directive  influence  is  indicated. 

These  conditions  are  so  difierent  from  those  intended  by  the  advocates  of  the 
theory,  that  the  experiments  have  little  bearing  upon  the  practical  question,  which  has 
been  considered  to  be  of  sufficient  importance  to  demand  further  experimental  investi- 
gation. Accordingly,  some  special  torpedo  cases  were  prepared  to  receive  100-pound 
charges.  They  were  strong  oak  kegs,  of  a  capacity  of  24  gallons,  banded  with  six 
galvanized-iron  hoops.  Wooden  diaphragms  1  inch  thick  were  inserted  across  the 
middle,  parallel  to  the  heads,  thus  dividing  the  keg  into  equal  compartments,  one  to 
be  filled  with  gunpowder  and  the  other  with  air. 

These  kegs,  charged  with  various  kinds  of  gunpowder,  were  slung  centrally  in 
the  4-foot  ring,  with  the  air  end  sometimes  directed  upward  and  sometimes  downward. 
Their  dimensions  being  24  inclfes  between  heads,  18.ft  inches  in  diameter  in  the  middle, 
and  15.5  inches  across  the  ends,  all  measured  in  the  clear,  it  may  easily  be  computed 


EXPLOSIVE  MIXTUBES. 


65 


that  the  centre  of  the  gunpowder  charge  was  thus  moved  from  its  normal  position 
(1.62  feet  frpm  the  pin-heads  of  all  the  gauges)  until  it  was  2.1  feet  from  the  most 
distant,  1.7  feet  from  the  horizontal,  and  1.2  feet  from  the  nearest  gauges. 

Now  if  we  suppose  the  air-chamber  to  be  removed — i.  c,  the  water  to  be  admitted 
to  the  empty  half  of  the  torpedo — it  is  easy  to  compute  the  changes  in  P  for  each 
gauge,  which  should  result  from  this  displacement  of  the  centre  of  the  charge ;  and  by 
comparing  the  observed  lead  indications  with  these  computed  results  the  actual  effects 
of  the  air  chamber  may  be  determined.  For  example,  the  normal  value  of  the  func- 
tion of  D  in  the  denominator  of  P,  for  shots  fired  centrally  in  the  4-foot  ring,  is: 

(1.62 -f  1)8"  =3.61 
After  the  change  of  position  in  the  charge  indicated  above,  it  becomes: 

For  gangee  next  air  chamber (2.1  +  1)^  =  4.52 

For  middle  gauges (1.7  +  1)^=3.76 

For  gauges  next  powder  chamber (1.2-h  1)^  =  2.86 

Mean , 3.71 

Hence,  provided  the  air  chamber  has  no  directive  effeet  upon   the  blast,  the 

3.71 
gauges  next  the  air  chamber  should  show  jV^  =  0.82  of  the  mean;  those  in  the  middle 

y  71  3  71 

^^  =  0.99  of  the  mean;  and   those  next   the  powder  chamber  o-og  =  1.30  of  the 

mean.  These  ratios,  of  course,  are  based  upon  the  law  already  deduced  from  a  com- 
parison of  the  different  gauges,  that  the  direction  of  the  line  of  maximum  intensity  of 
action  in  gunpowder  explosions  is  determined  by  the  accidental  circumstance  of  what 
part  of  the  can  is  first  ruptured,  rather  than  by  any  normal  upward  tendency  of  the 
gas.  To  correct,  however,  for  any  possible  tendency  in  the  latter  direction,  the  cases 
were  placed  sometimes  with  the  air  chamber  up  and  sometimes  down.  The  following 
figures  exhibit  the  results  of  the  experiments: 

Uffeot  of  air  chamber  in  torpedo. 
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These  figures  certainly  indicate  that  a  marked  and  practically  a  very  useful 
effect  was  exerted  by  the  air  chamber  upon  the  direction  of  the  line  of  maximum 
intensity.  Assuming  the  algebraic  sum  of  the  columns  in  the  table  to  be  the  best  deter- 
mined index  of  this  effect,  wo  find  that  the  middle  gauges  indicate  nearly  the  pressures 

to  be  expected  of  them ;  that  those  next  the  air  chamber  show  .j^t^wv  =  •  -5  more,  and 

49595 
those  next  the  powder  chamber  zzl.G  less  than  would  have  been  the  case  had 

31586 
there  been  no  air  chamber ;  and,  lastly,  that  the  relative  gain  from  placing  the  air 
end  rather  than  the  powder  end  of  the  torpedo  next  a  vessel  would  have  been 
46801 


31586 


=  1.5. 


The  reason  of  this  gain  is  not  difficult  to  understand.  The  gas  first  generated 
naturally  rushes  into  the  void,  since  that  marks  out  the  line  of  least  resistance ;  and 
its  inertia,  developed  by  the  resistance  of  the  head  to  its  further  progress,  brings  a 
greater  strain  to  bear  at  that  point  of  the  torpedo  than  on  any  other, 'and  thus  regu- 
lates the  rupture,  and  consequently  the  direction  of  the  burst  of  the  gas  into  the  water. 

Both  theory  and  experiment  thus  agree  that  an  air  chamber  of  suitable  dimen- 
sions, in  that  end  of  a  gunpowder  torpedo  which  is  placed  next  the  vessel  to  be 
destroyed,  is  highly  advantageous. 

Effect  of  EeooiL— The  reduction  in  the  intensity  of  action  due  to  a  recoil  in  the 
vessel  receiving  the  shock  is  a  matter  of  the  highest  practical  importance,  and  will 
soon  be  considered  carefully  under  an  independent  heading.  Here  it  is  only  proposed 
to  give  a  brief  statement  of  data  bearing  upon  the  subject,  collected  during  the  experi- 
pi^nts  with  explosive  mixtures. 

It  will  be  remembered  that  gauges  were  placed  at  the  lower  end  of  the  buoy, 
and  in  shackles  inserted  at  various  points  of  the  wire  rope  supporting  the  ring.  Now, 
as  the  whole  system  floated  freely  in  the  water,  a  very  slight  force  sufficed  to  raise  the 
buoy  3  or  4  feet,  and  thus  to  allow  all  these  gauges  to  recoil  from  the  shock  of  the 
explosion.  Even  the  smallest  charges  produced  this  result,  while  a  large  gunpowder 
torpedo  often  threw  the  whole  apparatus  into  the  air,  even  when  the  ring  had  been 
submerged  35  feet  below  the  surface. 

Again,  in  the  earlier  experiments  a  couple  of  gauges  were  often  bedded  in  the 
powder  itself,  and  recovered  by  means  of  a  combined  wire  and  hemp  line  attached 
to  the  socket  outside  the  torpedo.  The  explosion,  of  course,  shot  these  gauges  out 
with  high  velocities,  which  must  have  absorbed  energy  that  otherwise  would  have 
been  registered  on  the  leads. 

The  following  table  exhibits  the  consolidated  data,  all  further  details  being  given 
in  Appendix  A.     The  computations  are  made  from  the  formulae  given  above,  D  being 
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zero  for  the  torpedo  gauge ;  14  for  the  shackle  gauge ;  and  S  —  7  for  the  buoy  gauge. 
Averages  are  given  for  each  charge  of  powder,  in  order  to  exhibit  the  effect  of  varia- 
tions in  the  initial  intensity : 

Summary  of  movable  gauge  records. 
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20.833 
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-  2,679 
•^6,180 

-  14,636 
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3,744 
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-  14.983 


The  effect  of  recoil  suggested  by  this  table  is  so  startling,  and  is  based  so  much 
upon  the  indications  of  approximate  formulae,  that  a  suspension  of  judgment  is  asked 
until  the  subject  is  again  considered  in  connection  with  explosive  compounds. 

ttanunary  of  Remits  with  Bxploave  Mixtures.— The  general  practical  conclusions  affecting 
the  torpedo  service,  resulting  from  this  discussion  of  the  data  for  explosive  mixtures, 
are  the  following : 

L  The  nitrate  mixtures  would  be  far  inferior  to  the  chlorates  for  use  in  torpedoes 
were  it  not  for  the  dangers  attending  the  handling  of  the  latter.  How  much  this 
should  weigh  in  deciding  between  them  will  depend  upon  local  circumstances. 

II.  If  gunpowder  be  chosen  as  the  explosive,  the  finest  and  the  quickest  grades 
are  the  most  economical — indeed,  none  other  should  be  employed. 

III.  Numerous  well-distributed  points  of  ignition  are  very  desirable;  and  if  large 
detonating  primers  are  available,  they  should  be  used. 

IV.  Strength  of  case  is  of  the  highest  importance.  A  small  charge  in  a  strong 
iron  torpedo,  when  fired  in  the  close  vicinity  of  the  enemy,  is  as  effective  as  three  or 
four  times  the  amount  in  a  wooden  torpedo.  Also,  the  nearer  the  form  of  case 
approaches  a  sphere  the  better. 

V.  An  air  chamber  in  the  torpedo,  equal  to  the  charge  in  dimensions  and  cubic 
capacity,  is  decidedly  advantageous,  because  it  serves  to  direct  the  blast.  This 
advantage  is  greater  with  stationary  than  with  movable  torpedoes,  the  increased  bulk 
being  an  objection  in  the  latter  case. 

VI.  The  relative  strength  of  the  different  explosive  mixtures  for  use  under  water 
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appears  from  these  experiments  to  be  the  following,  mortar  powder  being  adopted  as 
the  standard.  For  gunpowder,  these  ratios  differ  but  little  from  the  reciprocal  of  the 
ratio  between  the  sizes  of  the  grains,  showing  that  the  strength  is  nearly  inversely 
proportional  to  the  latter  quantity : 

Mammoth  powder 0.08 

Oliver  powder 0.09 

Cannon  powder 0. 18 

Mortar  powder 1. 00 

Musket  powder 1.57 

Sporting  powder 2.61 

Safety  componnd 30.62 

VII  To  exhibit  in  a  convenient  form  the  approximate  effect  of  variations  in 
charge  and  distance,  Plate  IV  has  been  prepared.  The  best  sporting  powder  is 
adopted  as  the  explosive.  The  submergence  is  uniformly  assumed  at  10  feet  One 
fuze  is  allowed  for  -each  60  pounds  of  the   powder  (about  a  cubic  foot);    giving 

C 

n  z=  g^  and  R  z=  l.^b.     These  substitutions  being  made  in  equation  (13),  it  can  be 

placed  under  the  following  form : 

0.97 

_      35.83  C 

VP 

The  curves  on  the  plate,  computed  by  this  formula,  exhibit  to  the  eye  the  rela- 
tion between  the  charge  and  distance  for  various  assumed  values  of  P.  The  conditions 
which  are  to  be  fulfilled  before  such  results  can  be  secured  in  practice  must  be  care- 
fully borne  in  mind  in  studying  these  curves ;  they  are  exceptionally  difficult 

VIII.  Finally,  in  taking  leave  of  explosive  mixtures,  emphasis  should  be  laid 
upon  the  fact  that  although  no  labor  has  been  spared  either  in  collecting  or  discussing 
the  data,  the  results  obtained  should  be  regai  ded  rather  as  general  than  specific.  The 
fundamental  difficulty,  which  renders  the  investigation  in  a  certain  sense  indetermi- 
nate, is  that  in  a  sub-aqueous  explosion  only  a  small  portion  of  the  potential  energy 
represented  by  an  explosive  mixture  can  be  transformed  into  the  kinetic  or  practically 
available  form ;  and  what  this  portion  is,  cannot  be  certainly  known  in  any  experi- 
ment. This  necessarily  entails  a  large  probable  error  in  all  numerical  results.  We 
shall  now  proceed  to  consider  explosive  compounds,  with  which  no  such  difficulty 
will  be  encoimtered,  and  with  which,  as  will  soon  be  seen,  a  much  higher  degree  of 
precision  may  be  attained. 

AHALT8I8  OF  THE  DATA  FOB  EXPLOSIVE  COMPOUVDS. 

At  the  beginning  of  these  investigations  the  impossibility  of  fully  utilizing  the 
theoretical  potential  energy  of  explosive  mixtures  when  fired  under  water,  and 
their  constant  liability  to  deterioration  from  accidental  wetting,  were  both  appreciated ; 
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and  it  was,  therefore,  confidently  expected  that  some  variety  of  explosive  comp 
would  prove  superior  to  any  of  them  for  use  in  submai-iae  mining. 

To  make  a  judicious  selection  from  this  class  of  explosives,  a  systematic  c 
of  comparative  measurements  under  water  was  undertaken.  In  such  trials  the  c 
tion  of  submergence  is  essential,  and  its  converse  is  equally  true,  viz,  that  the  co 
sions  reached  as  to  the  relative  strength  of  the  different  varieties  are  applicable 
to  sub-aqueous  explosions,  and  throw  little  light  on  their  merits  for  ordinary  m 
or  rock  blasting ;  in  other  words,  the  relative  value  of  different  explosives  for  pra< 
use  depends  as  much  upon  the  nature  of  the  resistance  to  be  overcome  as  upon 
chemical  composition. 

Supplies  of  the  Abel  compressed  gun-cotton,  now  adopted  in  the  English  toi 
service,  and  also  of  the  new  granulated  form,  were  imported  from  Stowma 
samples  of  various  nitro-glycerine  compounds  in  use  in  this  country  were  obta 
and,  to  make  the  list  complete,  a  small  supply  of  picrate  powder  was  added. 

After  extended  trials  it  became  evident  that  dynamite  No.  1 ,  consisting  of  7 
cent  of  nitro-glycerine  absorbed  by  2r>  per  cent  of  kieselguhr,  was  decidedly  th< 
for  our  objects.  Experiments  with  this  explosive  were  then  multiplied  until  the 
needful  to  fully  develop  the  laws  which  govern  its  action  when  exploded  under  ' 
were  secured.  For  this  reason,  and  because  it  is  a  good  type  of  the  general  els 
explosive  compounds,  it  will  be  considered  first. 

Bynanita  (or  Oiant  Fowdar)  Vo.  1.— In  planning  these  experiments  the  effect  of  m 
in  the  body  receiving  the  shock  was  only  partially  appreciated,  but  as  they 
extended  it  became  evident  that  rigidity  was  essential  to  determinate  resulta.  I 
present  discussion,  therefore,  all  data  in  which  this  condition  was  not  absoi 
secured  will  be  left  for  future  consideration. 

In  like  manner  it  was  soon  discovered,  that  with  explosive  compounds  the  th 
and  weaker  the  case  the  greater  the  energy  registered  upon  the  leads.  Hence, 
fired  in  wooden  boxes  will  be  neglected  for  the  present,  those  only  being  consi< 
which  were  fired  in  tin,  glass,  rubber  cloth,  or  other  thin  cases  giving  compa 
results. 

These  omissions  restrict  the  analysis  to  143  shots  fired  in  the  rings,  and  17  i 
crate;  i.  e.,  to  about  1,500  gauge  measurements. 

The  first  step  is  to  consider  the  general  formula  for  the  energy  developed 
sub-aqueous  explosion,  already  deduced,  and  to  determine  in  what  respects  the  i 
tities  entering  it  are  affected  by  the  peculiar  nature  of  this  explosive,  and  by  the 
in  which  the  experiments  were  conducted.    This  formula  (page  49)  is  the  foUov 

Kp  +  Eys-c- 

Care  was  taken,  with  both  the  ring  and  crate,  to  place  the  charge  npnmetr 
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with  respect  to  the  gauges ;  thas  roakiDg  the  mean  of  their  indications  sensibly  inde- 
pendent of  variations  in  the  direction  of  the.Hne  of  action  of  the  forces.  Hence, 
(5  -|-  E)*  in  the  general  formula  can  be  reserved  for  future  consideration ;  t.  e.,  be  tem- 
porarily assumed  to  be  unity,  provided  the  analysis  be  restricted  to  the  mean  of  the 
gauges.  This  condition,  of  course,  limits  the  applicability  of  the  preliminary  formula 
to  the  horizontal  plane  contamit^  the  charge. 

In  the  experiments  with  explosive  compounds,  detonating  fuzes  only  were 
employed,  and  care  was  taken,  by  priming  them  with  20  grains  of  fulminating  mer- 
cury and  by  increasing  their  number  in  any  doubtful  shot,  to  ensure  an  explosion  of 
the  first  order.  This  precaution  eliminates  R*  fi-om  the  general  energy  formula,  and 
reduces  the  exponent  (x)  of  the  charge  to  unity. 

We  have  already  seen  with  explosive  mixtures — which  being  characterized  by  a 
more  sustained  although  far  inferior  mean  intensity,  might  be  expected  to  be  more 
affected  by  the  absolute  water  pressure  on  the  case  than  the  compounds — that  little 
gain  results  from  increasing  the  submergence  of  the  charge  beyond  a  few  feet  Indeed, 
the  exponent  of  S  in  the  pressure  formula  proved  to  be  only  ^.  Before  introducing 
this  quantity  in  the  formula  for  explosive  compounds,  it  seemed,  therefore,  well  to 
examine  the  data.  The  following  table  exhibits  them  for  the  ring  trials — covering  36 
shots: 

AtuUgtit  of  mbmergmee. 


SINO  SHOTS. 


DyBaailte  Ho.  1 . . 


1B,41> 


:S! 


GnudmMO. 

V—H9K 

GraadmeMi. 


The  figures  of  this  table  establish  the  fact  that  variations  in  the  submergence, 
between  the  limits  of  6  and  100  feet,  produce  no  sensible  effect  upon  the  energy  or 
mean  pressure  developed  by  the  explosion.     To  carry  the  investigation  still  further, 
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two  ehots  were  fired,  one  in  the  4-foot  ring  and  the  other  in  the  crate.  Each  will  be 
considered  in  turn. 

The  4-foot  ring  (shot  No.  260)  was  suspended  from  a  crane  over  the  water,  so 
that  the  top  of  the  case  (No.  1)  containing  a  charge  of  3  pounds  of  dualin  was  just 
awash.  This  left  gauges  Nob.  1  and  2  in  the  air ;  Nos  3  and  4,  about  0.4  feet  under 
water ;  and  Nos.  .*>  and  6,  2  feet  under  water.  The  explosion  made  a  tremendous 
report,  and  threw  a  jet  of  water  about  1.50  feet  into  the  air;  many  fish  were  killed; 
fragments  of  the  tin  can  made  indentations  in  the  iron  of  the  upper  sockets  and 
gauges. 

Shots  Nob.  124,  231,  and  234  were  identical  with  No.  260,  except  in  being  sub- 
merged 35  feet.  The  following  table  exhibits  the  mean  pressures  indicated  by  the 
leads  exposed  to  these  four  explosions: 


Three  poundH  of  dualin  i 

1  the  four-foot  ring. 

Hau  pnuun 

,««,™io.h. 

BHge. 

Shotm 

Shot  IN. 

shotm. 

SbMW. 

(ChHgetWHh.) 

F>>mtJ4. 

-           fWBldl. 

P<m4i. 

POWMlt. 

9,mUatiT.} 

»,3« 

10,018 

10, 0« 

giM5<lo*lT.> 

17.su 

n,  sio 

17,  MS 

i.m 

W.W8 

18,025 

17,0»B 

a,  at 

it,m 

1I,!90 

ia.iw 

17,  SM 

K.m 

14.  e« 

u.Ma 

11.  Ul 

u,m 

It.  0711 

It.  an 

Comparing  the  means  of  corresponding  submerged  gauges  in  this  table,  we  have 
the  following  result: 


OangM3aQd4,  0.4  foot  below  tnrface ;  charge  awash.. 
OftageoS&iid  4;  charge  submerged  35  feet 


Difference 10,658 

Ganges  5  and  6,  3  feet  bolow  snrfoce;  charge  awoeh 14,701 

Ganges  5  audfi;  charge  enbmerged  35  feet 14,973 


Although  the  top  of  the  case  was  only  air-tamped,  these  figures  indicate  that  this 
condition  caused  no  sensible  reduction  of  pressure  at  a  depth  of  2  feet  below  the 
surface;  but  at  0.4  foot  below  that  plane  a  marked  loss  occurred.  The  shot,  there- 
fore, strongly  confirms  the  inference  that  S  is  affected  with  bo  small  a  fractional 
exponent  as  to  become  practically  unity  in  the  formula. 

The  crate  shot  (No.  293)  was  fired  from  a  wharf,  the  instrument  being  suspended 
in  such  a  manner  as  to  bring  the  top  of  the  iron  work  just  awash.  The  charge  was  5 
pounds  of  No.  1  dynamite,  in  case  No.  2 ;  the  submergence  was  6  feet ;  the  jet  was 
about  25  feet  high.     Six  other  shots  were  fired  under  nearly  identical  conditions, 
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except  in  respect  to  the  submergence,  and  the  following  table  exhibits  a  comparison 
of  the  results: 

Analysis  of  submergence. 

CRATE  SHOTS. 


No.  of 
■hot 

Weight 

of 
charge. 

Depth. 

Snbmer- 

genoe. 

(8) 

ICeaD 

preasaree  per  ■qnare  inch. 

Remarka. 

Top  of  crate. 

Bottom  of  crate. 

Mean  of  orate. 

(C) 

Ugangee. 

Ugangea. 

S6gaiigea. 

Poundt. 

IWt 

Feet 

PoundM. 

PoundB. 

Pounds. 

196 

5 

112 

42 

816 

887 

851 

Crate  level 

325 

5 

80 

28 

884 

816 

850 

Do. 

217 

5 

100 

86 

906 

807 

857 

IncUned  26o  to  horiaon. 

218 

5 

87 

86 

965 

979 

962 

Do. 

846 

5 

88 

89 

928 

938 

968 

InoUned  680  to  horison. 

847 

5 

88 

89 

948 

878 

911 

Do. 

296             5               16    1         6 
Meuk  (excluding  No.  903) 

1.163 

1.006 

1,084 

date  leTd— top  awaah. 

910 

884 

807 

There  were  some  extraordinary  features  connected  with  shot  No.  293,  which  will 
be  considered  hereafter ;  but  it  is  evident  from  this  table  that  its  comparatively  slight 
submergence  was  ample  to  develop  all  the  energy  and  intensity  of  action  due  to  the 
charge ;  and  hence  that  it  accords  with  the  foregoing  data  in  indicating  that  no  func- 
tion of  the  submergence  need  be  introduced  into  the  general  formula. 

In  fine,  then,  the  general  formula  (equation  5),  when  representing  the  energy 
developed  by  explosive  compounds  in  the  horizontal  plane  containing  the  charge, 
may  be  simplified  as  follows : 

K  C 


(15) 


W  = 


In  this  expression  K  is  a  constant  depending  upon  the  explosive  employed ;  the 
exponent  q  must  be  nearly  2,  in  fact  would  be  exactly  two  except  for  the  loss  of 
energy  arising  from  the  water  being  slightly  compressible ;  and  the  constant  A  is 
dependent  for  its  value  upon  the  energy  developed  at  the  centre  of  the  charge. 

If  it  were  possible  to  determine  A  by  direct  measurement  the  advantage  would 
be  great;  but,  as  I  was  convinced  by  a  few  preliminary  experiments,  the  forces 
developed  are  so  tremendous,  even  with  miniature  charges,  that  it  is  quite  impracticable 
to  do  so.  Although  these  attempts  resulted  in  nothing  definite,  they  will  be  put  on 
record  here  as  at  least  confirmatory  of  the  ultimate  conclusions  derived  from  the 
analysis. 

The  experiments  were  conducted  by  placing  upright,  upon  a  solid  foundation,  a 
No.  2  pressure  gauge,  of  which  the  piston  had  been  lengthened  so  as  to  extend  outside 
the  cap,  and  terminate  in  a  strong  steel  disc  3  inches  in  diameter  and  0.75  inches 
thick,  making  the  whole  movable  part  weigh  2.5  pounds.  The  piston  was  supported 
on  a  ^  lead  in  the  usual  manner,  and  the  sample  of  the  explosive  to  be  tested  was 
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laid  on  the  (lisc.  No  tamping  of  any  kind  was  employed.  Tlie  whole  force  of  the 
explosion  (in  the  air)  was  thus  to  be  transmitted  directly  to  the  lead  cylinder  by  a 
steel  cylinder  0.35  inches  in  diameter. 

The  charges  uniformly  weiglied  508  Troy  grains,  and  were  put  in  paper  cylinders, 
all  1.25  inches  in  diameter  except  for  shot  No.  9,  which  was  0.9  inches.  Shot  No.  I 
was  laid  on  its  side,  the  rest  being  placed  on  end. 

The  following  table  exhibits  the  energies  and  pressures  registered  by  the  leads 
in  these  trials;  which,  however,  were  only  small  fractions  of  the  total  quantities 
developed.  The  first  shot  (dynamite)  snapped  off  the  steel  piston  at  its  junction  with 
the  disc,  probably  because  not  placed  quite  centrally  upon  it  A  piece  of  file  laid 
between  the  charge  and  disc  was  pulverized,  and  its  cuttings  were  stamped  upon  the 
disc.  A  piece  of  half-inch  wrought  iron  similarly  placed  under  a  cartridge  of  gun- 
cotton  was  stamped  with  the  exact  shape  of  the  latter  on  its  top,  and  with  the  centre 
point  made  by  the  lathe  on  its  bottom.  The  piston  was  upset;  the  disc  was  cracked; 
and,  in  fine,  all  the  explosives,  except  safety  compound,  left  such  marks  of  intense 
action  OD  the  apparatus  that  it  was  evidently  impossible  to  measure  the  whole  forces 
developed.  The  safety  compound  exhibited  the  combustion  characteristic  of  all 
mixtures,  small  particles  being  thrown  burning  into  the  air. 
Experim&nU  in  air. 

[Ck»rge  W8  gmioi  T107.  nntMnpcd.) 


Ho.  or 

•het. 

Chwg^ 

LMdahDrt- 

Net. 

pnMDn. 

■      Hat. 

Bonurki. 

I 

.«. 

>.0M 

D.3M 
t.258 

E 

1M.B 

«,» 
S.4 
Ml 

11 

M.1 
MS 

14,  l» 
11,  BM 

1«S 

B,B18 

•.est 

«,nB 

a,  MB 

5.4M 

CutMgtcoMf^    Broke  platoD. 
SU>Dt»d.h.p.eDin«>.opi»rt. 

Do. 
Barnliig  gniiuthrDim  oB. 

npwtpliton.    CimokeddlH. 
SUmped  ita  ■h.p.  on  iron  .npport. 
StMnp«d  IMbe  nuik  en  Iron  inpport. 

Do. 
Indented  iron  rapport. 

Do. 

L™""    

Dailli.Mft 

Having  thus  failed  to  devise  any  method  by  which  the  quantity  A  in  equation 
(15)  could  be  directly  measured,  it  only  remained  to  determine  the  numerical  values 
of  the  three  constants  by  analysis. 

The  problem  was  one  in  which  little  assistance  could  be  derived  from  the  method 
of  least  squares ;  for  the  compressions  of  the  more  distant  leads  were  registered  at  an 
unfavorable  part  of  the  scale,  and  the  precise  relative  weight  to  be  assigned  them  as 
compared  with  those  nearer  the  charge  could  hardly  be  fixed.  Moreover,  the  well 
known  physical  conditions  that  A  must  be  exceedingly  small,  and  that  q  must  be 
No.  23 10 
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slightly  larger  than  two,  rendered  a  study  by  the  graphical  method  comparatively 
easy,  and  it  was  accordingly  adopted. 

As  already  stated  the  data  were  ample,  covering  variations  in  the  charge  (C) 
between  the  limits  of  0.25  pounds  and  200  pounds,  and  in  the  distance  (D)  between 
1.12  and  80  feet  AH  essential  details  will  be  found  in  the  next  table,  or  in  Appendix 
A  or  B. 

The  following  equation,  applicable  only  to  the  horizontal  plane  containing  the 
charge,  resulted  from  studying  these  data,  the  final  modifications  being  adopted  in 
June,  1878. 

(IG)  W  = ^^^ 

■^'"^  -(D+O.Ol)'-' 

To  pass  from  this  enet^y  formula  to  the  corresponding  expression  for  the  mean 
pressure  per  square  inch  developed  by  the  explosion,  combine  equations  (6)  and  (16), 
giving: 


fn\  V-l    l(  1832000 CT' 

(17)  ^-V((D+0.01)'V 


Comparing  these  two  expressions  it  appears  that  while  the  available  energy  of 
the  explosive  is  directly  proportional  to  the  charge  and  inversely  proportional  to  the 
square  of  the  distance  (nearly),  the  intensity  of  action  (mean  pressure)  varies  directly 
with  the  two-thirds  power  of  the  charge  and  inversely  with  the  1.4  power  of  the 
distance. 

The  reason  for  the  very  limited  range  of  the  destructive  effects  of  lai^  sub- 
aqueous explosions  is  apparent  from  these  formulae. 

The  following  table  exhibits,  in  a  compact  form,  the  data  obtained  from  the  ring 
trials  and  employed  in  this  investigation,  together  with  the  degree  of  accordance 
between  the  measurements  and  the  indications  of  the  formula  deduced  therefrom. 
The  last  shot  (No.  524)  was  fired  after  the  latter  was  finally  adopted;  and  the  close 
accordance  between  theory  and  an  observation  which  so  grt-atly  exceeded  the  limits 
of  the  data  available  in  the  investigation,  is  a  very  satisfactory  confirmation  of  the 
precision  of  the  analysis : 
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•hot. 

Ch«ge. 

DiaKMSto 

gtUftW. 

(D) 

PnHDia  per  iqium  inch.     IP) 
(U««n  or  lii  gusH.I 

Bamwkl. 

""        1       (8) 

1 

DiAnooa. 

tn 

0.W 

38 

A*t. 

1.12 

S,B»     . 

Fowutt.      1       Ptmit. 

m 

ftSS 

IS 

1.12 

6,158     f 

MS 

D.M 

l.<2 

*,ses 

-      106 

iM 

0.M 

1. 82 

5.0» 

-f      2SB 

m 

D-M 

1.83 

5.888 

+      5T8 

m 

a.M 

1.B2 

^6l5 

+      766 

MT 

a.u 

LSI 

t.OU 

+      280 

O.MI 

1.82 

4.W8 

.f      2SS 

9» 

(LU 

1.81 

5.381 

-H      174 

ZTO 

nu 

1.81 

4.882 

-       78 

m 

l>.S<l 

, 
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m 
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+        57 

m 
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Summary  of  experimenti  with  dynamite  No.  1 — GoDtlDaed. 
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The  following  table  gives  for  the  crate  shots,  the  same  information  which  the  last 
table  supplies  respecting  the  ring  measurements.  These  data  are  specially  valuable, 
because  they  extend  the  study  laterally  to  considerable  distaDces  from  the  chaige,  and 
for  this  reason  they  are  exhibited  to  the  eye  on  Plates  V  to  XL 
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Summary  of  experimeiUK  with  dymmite  Xo.  1 — Oootioned. 
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Thus  far,  in  this  analysis  of  experiments  with  explosive  compounds,  attention  has. 
been  restricted  to  the  means  of  all  the  gauges  at  like  distances ;  which,  since  they 
were  symmetrically  placed  with  respect  to  a  horizontal  plane  containing  the  charge, 
may  be  assumed  to  measure  energies  and  pressures  in  that  plane.  Vertical  angular 
displacenients  are  now  to  be  considered. 
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The  rings  were  so  suspended  that  3  was  30°  for  gauges  Nos.  5  and  6 ;  90°  for 
gauges  Nos.  !  and  4 ;  and  1 50''  for  gauges  Nos.  I  and  2.  Rejecting  all  shots  in  which 
any  lead  was  defective,  the  data  comprise  8  shots  in  the  3-foot,  82  shots  in  the  4-foot, 
and  22  shots  in  the  5-foot  ring.  The  8-foot  ring  was  so  badly  distorted  by  the  strains 
to  which  it  was  subjected  that  no  use  should  be  made  of  the  14  shots  fired  in  it  for 
this  discussion. 

With  very  large  charges  it  was  not  safe  to  suspend  the  crate  otherwise  than  with 
the  longitudinal  axis  horizontal,  lest  the  increased  shock  should  collapse  the  buoys ; 
but  with  5  and  10  pound  charges  six  inclined  shots  were  tried.  Plates  VI,  VII,  and 
IX  exhibit  the  details  and  Plates  XII  and  XIII  an  analysis  of  them. 

The  quantity  K  in  equation  ( 1 5),  although  a  constant  when  attention  is  restricted 
to  the  horizontal  plane  containing  the  charge,  becomes  a  function  of  the  form  K  = 
m  (S  +  E)  when  the  quantity  S  varies.  A  careful  study  of  the  fomgoing  data  by  the 
graphical  method  showed  that  t  is  unity,  giving  the  very  simple  expression : 

(18)  K  =  m(S  +  E) 

Combining  this  equation  with  equation  (15),  substituting  the  numerical  values 
already  deduced  for  A  and  q,  and  reducing,  the  following  equation  results,  in  which 
m  and  E  are  the  only  unknown  quantities  when  W,  D,  C,  and  ;dbave  been  directly 
measured : 

(19)  mS  +  «E  =  ^(P+0'")" 

To  determine  the  most  probable  values  of  the  constants  m  and  E,  the  method  of 
least  squares  was  applied  to  tlie  data  obtained  in  the  rings  and  crate.  The  following 
table  exhibits  the  mean  numerical  values  of  the  second  member  of  equation  (19)  for 
the  indicated  values  of  ^,  as  derived  from  all  the  data : 

When  S  =  30°,  second  member  of  equation  (19)  =:  44.29 
When  S  =  51°,  second  member  of  equation  (19)  =  49.02 
When  S=  78°,  second  member  of  equation  (19)  =51.02 
When  S=  90°,  second  member  of  equation  (19)  =  52.79 
When  S  =  102°,  second  member  of  equation  (19)  =  55.6ti 
WhenS=129°,  second  member  of  equation  (19)  =  63.8l 
When  5  =  lbO°,  second  member  of  equation  (XH)  =  7 1.31 
These  values  gave  seven  equations  of  condition,  from  which  the  following  normal 
equations  were  derived : 

67230  «J  + 630  «(  E  — 371.59  =  0 
630 1»+     7mE—     388  =zO 
Whence : 

m=    0.21 
m  E  =  36.3 
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It  must  be  remembered  that  this  vahie  of  m  E  depends  solely  upon  the  shots 
from  which  the  above  equations  of  condition  were  derived,  and  that  a  better  deter-, 
mined  value  (because  based  upon  much  more  extended  data)  may  be  found  from  the 
known  numerical  value  (68)  of  K  when  S  is  i*0°.  This  bases  the  angular  coefficient 
upon  all  the  angular  data,  and  the  constant  representing  the  particular  explosive  (in 
this  case  dynamite  No.  1)  upon  all  the  shots  fired  with  it  in  the  rings  and  crate; 
thus: 

OM  X9t>°  +  0.21  E  =  ft8 
Whence  m  E  becomes  3''.1  for  dynamite  No.  1,  giving: 
E  =  186 
(19)  K  =  0.2i  (S-l-186) 

Substituting  this  value  of  K  in  equation  (15),  the  general  fomiulsB  for  energy 
and  mean  pi*e8sure  for  dynamite  No.  1  become : 


(20) 

(21) 


^_0^1(S_+186)C 

"-    (D  +  o:oi)'-' 

5  _  '     //663ti(S+186)C\' 
~\/\     (D  +  U.01)^'    / 


The  comparison  between  the  indications  of  equation  (19)  and  the  observations 
from  which  it  was  derived  has  been  delayed,  because  it  can  be  shown  in  a  more  intel- 
ligible form  by  making  use  of  the  last  equation.  This  is  done  in  the  following  tables. 
The  change  of  m  E  from  36.3  to  39.1  increases,  of  course,  the  apparent  discrepancies ; 
but  the  accordance  is  still  so  natisfactory  that  the  success  of  the  analysts  can  hardly 
be  questioned.  Combined  with  the  preceding  tables  it  makes  the  weight  of  evidence 
in  favor  of  these  new  formulae  all  that  could  be  expected  in  so  difficult  an  investiga- 
tion, dealing  with  forces  so  tremendous  IV  exhibit  the  resulting  law  clearly  to  the 
eye  Plate  XIY  has  been  prepared  It  shows  both  the  general  form  of  the  curve  of 
vertical  angular  intensity  of  action  and  the  absolute  difiference  between  the  theory 
and  the  means  of  180  accurate  observations. 
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4-l.OW 
+  1.4M 

M-™.... 

V,.4Mt    M» 

20,  aw 

888 

1T,(M814I1 

17,848 

S4T 

lS,73S±4lt7 

15,  «7 

»» 

H2 


8DB-AQUEOUS   EXPLOSIONS. 
Aitalyaui  of  the  vertical  angutar  funetion — Goutiuaed. 

DYMAMTTE  JTa  1  [  FOCB-FOOT  BING. 


Clwrie. 

i 

t  =  iw= 

4  =  M>° 

»  =  a8<'                     1 

Obttni. 
IP) 

CMdp. 

DUL 

ObHTrad. 
(P» 

C—p. 

(P) 

Dur. 

(P» 

CODp. 

(P) 

Dur. 

roHWl> 

Fcund,. 

n™i.. 

PoundM. 

Pttmdt. 

Pwml* 

Pound,. 

P«md.. 

PMNMb. 

Pmaiit. 

050 

S3 

5,i*S±100 

(..a 

-      180 

*.9M±  77 

4,788 

+       » 

4.0S8±  70 

4.041 

+       17 

M 

O.SOS   soo 

4KS 

+       988 

T.8M      TO 

7,881 

+      801 

8,788    148 

8,418 

+      870 

i 

19.  m  504 

IS.  WO 

+  5,4M 

IS,m    870 

11,800 

+      404 

18.888    m 

1(M80 

+      480 

i8,»a  sw 

17,010 

+     eia 

1S,T4»    141 

18,718 

+        K 

14.007    m 

UiSO 

+       887 

10.383    8M 

—  1,KT 

10,111    Mt 

»» 

+  l,»l 

18,118  m 

18,180 

+  1.888 

H 

11.  TW    SM 

SCIM 

-8,400 

11,108    «8 

21,000 

-      888 

18,878     804 

18,  H7 

-    loi 

...... 

13.010l:!S0 

11,  Ma 

>18 

ii,ra±uo 

11,280 

188 

B^MOtMn 

8,8.8 

4n 

■,SM±I4I 

DTNAMITK  SO.  1 ;  FIVB-rOOT  BIHQ. 

8 

t.m 

t      477 

14te*iti 

MBl 

-      888 

s.808±i8a 

4,4TB 

—      871 

11,4»I    Ml 

»,4M 

+  8,087 

7,780    188 

8.144 

—     488 

a 

14.071    MS 

14917 

+  1.7*4 

1^814    IN 

1ft  801 

-      878 

ft8T8    Ml 

8,118 

-     141 

10 

1«.»>    STS 

14,  KO 

+  S,01» 

11,  SM    191 

18,000 

-1,884 

11,087    808 

11. 188 

5         |I0 

11,021  m 

17,  lit 

-3,in 

1X,0H    184 

18,10. 

-1,144 

18,787    7« 

IMOO 

-     811 

MeoM... 

13,0M±4J1 

ia,Mi 

^m 

•.nitio* 

10,884 

1,481 

8.8S84:»7 

8,844 

4T8 

In  considering  individual  shots  with  explosive  mixtures,  it  will  be  remembered 
tliat  the  intensity  of  action  in  different  directions  from  the  charge  varied  greatly, 
being  apparently  determined  by  the  locus  of  the  accidental  yielding  of  the  case,  and 
the  consequent  direction  of  the  initial  burst  of  gas.  With  explosive  compounds  this 
tendency  in  general  does  not  exhibit  itself,  as  may  easily  be  seen  by  comparing  the 
indications  of  the  different  gauges  in  Appendices  A  and  B.  Sometimes,  however,  it 
does  appear;  and  shot  No.  2ij3  is  so  remarkable  an  example  that  attention  may  well 
be  drawn  to  it  This  shot,  to  which  reference  has  already  been  made  on  page  71, 
was  fired  in  the  crate,  and  is  exhibited  to  the  eye  on  Plate  V.  By  comparing  the 
indications  of  top  gauges,  placed  opposite  but  symmetrically  with  respect  to  the 
charge,  it  will  be  seen  that  the  line  of  maximum  intensity  was  by  no  means  vertical, 
but  inclined  toward  the  1  -2  end  of  the  crate  at  a  very  great  angle.  Eighteen  different 
gauges  agree  in  indicating  that  If  two  vessels  had  been  situated  at  equal  distances  on 
opposite  sides  of  a  vertical  transverse  plane  containing  this  charge,  one  would  have 
received  double  the  shock  of  the  other.  This  effect  is  anomalous,  and  very  i-are  with 
detonating  explosives ;  but  after  so  unmistakable  an  example,  the  possibility  of  its 
occurring  should  not  he  forgotten. 

In  order  to  compare  the  strength  of  dynamite  No.  1  in  sub-aqueous  explosions 
with  that  of  other  explosive  compounds,  shots  were  fired  with  gun-cotton,  dualin,  nitro- 
glycerine, dynamite  No.  2,  mica  powder,  vulcan  powder,  rendrock,  hercules  powder, 
electric  powder,  Designolle  powder,  Brugere  or  picric  powder,  and  explosive  gelatine 
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As  these  are  all  detonating  explosives  they  may  be  assumed  to  resemble  dynamite 

No   1  sufficiently  to  be  governed  by  the  laws  indicated  in  equation  (16);  and  hence 

working  equations  for  each  of  them  may  be  deduced  by  finding  the  numerical  values 

of  K  from  the  observations.     This  will  now  be  done,  before  proceeding  further  with 

the  study  of  dynamite  No.  1 . 

Oon-ootton.— There  were  6ti  charges  of  this  explosive  fired  in  the  rings ;  but  32  of 
them  were  contained  in  wooden   boxes,  and  for  reasons  already  stated   these  are 

reserved  for  future   consideration.     This  leaves  34  shots  available  for  the  present 

analysis ;  i.  e.j  about  200  gauge  measurements. 

These  shots  were  divided  between  Abel  compressed  gun-cotton,  dry,  the  same 
containing  25  per  cent,  of  fresh  water,  and  granulated  gun-cotton  wetted  to  a  like 
extent,  all  made  at  Stowmarket,  England. 

The  supply  of  the  variety  first  named  was  imported  in  1871,  and  consisted  of 
cylindrical  discs  of  two  sizes,  one  being  3  inches  in  diameter  and  1.75  inches  in 
height,  weighing  half  a  pound,  and  the  other  I  inch  in  diameter  and  1  inch  in  height, 
weighing  0.5  ounce.  Since  that  date,  opinion  in  Europe  appears  to  tend  toward  an 
increase  of  size  for  the  torpedo  service.  Thus,  in  1876  Russia  had  adopted  cylinders 
15  inches  in  diameter  and  4.5  in  height,  weighing  25  pounds;  France,  slabs  4.75  by 
4.75  by  1.6  inches,  weighing  22  ounces;  and  England,  slabs  6  by  6  by  1.75  inches, 
weighing  2.'>  pounds.  As  no  difference  could  be  detected  between  the  intensity  of 
action  of  the  two  imported  sizes  when  inclosed  in  a  tight  case  under  water,  it  has  not 
been  considered  necessary  to  try  the  larger  varieties.  The  only  advantage  claimed 
for  them  is  that  they  render  a  closer  packing  possible  within  the  torpedo,  and  hence, 
by  reducing  the  air  space,  tend  to  cause  a  more  sudden  shock  to  the  water.  In  rock 
blasting,  experience  has  shown  this  to  be  an  important  matter,  but  the  claim  evidently 
can  have  no  weight  for  buoyant  mines,  since  the  condition  of  flotation  requires  con- 
siderable air  space  inside  the  torpedo.  The  subject  will  be  considered  more  fully 
hereafter. 

For  tests  of  compressed  gun-cotton  in  a  wet  state,  pure  fresh  water  amounting  to 
one-fourth  of  the  weight  of  the  charge  was  added  to  the  dry  discs  on  hand.  The  wet 
granulated  gun-cotton  was  imported  in  1876,  and  was  used  in  the  state  in  which  it 
was  received,  evaporation  having  been  guarded  against  by  forwarding  the  material  in 
closed  rubber  bags.  The  percentage  of  water  was  the  same  as  above.  The  grains 
varied  between  mortar  and  cannon  powder  in  size,  but  were  more  regular  in  form  and 
more  nearly  spherical 

The  first  point  to  determine  is  whether  there  be  any  difference  in  strength  cor- 
responding to  these  differences  of  condition  which  may  render  separate  formulae 
necessary. 

This  question  is  settled  in  the  negative  by  the  following  table,  which  exhibts  the 
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reBuItB  of  a  series  of  shots  fired  in  the  4  foot  ring  under  identical  conditions.  Tlie 
total  charge  waa  5  pounds  (not  including  water);  the  dry  primers  weighed  1  pound, 
and  were  protected  by  oiled  paper  from  moisture;  the  cases  were  tin  cans  No. 2 
(water  tight) ;  the  depth  of  water  was  V  5  feet,  and  the  submergence  34  feet ;  the 
pressures  are  each  derived  from  six  gauge  measurements. 
Ovn-cottoH. 

FIVK-POUND  CHABQB3  IM  -FOUR-FOOT  RIHO. 


Ka-ofibM.       1       ObMTol  piMiara. 

Hcotiliot.            ObMTTed  prenore. 

Ko-ofsboi 

IWd,. 

PntHh. 

«™li 

SSI 

IB.BM 

•        SSE 

it.ua 

531 

la^MC 

535 

l*,«8 

su 

n.M 

KS 

ia,saa 

538 

iK.m 

G2t 

ifi.m 

m 

OJ 

IB.  TO 

GM 

msis 

!              urn 

a» 

1T,4TI 

Ml 

IS.  DM 

534 

1                     lB.tS« 

a» 

mw 

1 

M«n 

ia.aa*ii» 

1S.35S1!W 

H«wi 

....                  lB,«5tl>7 

This  table  shows  that  there  is  no  marked  difference  in  strength  between  tliet^ 
varieties  and  conditions  of  gun-cotton,  although  the  addition  of  water  seems  to  caus^ 
a  small  loss  of  about  2  per  cent    A  single  formula  may  therefore  be  framed,   a.pp"' 
cable  to  them  indiscriminately. 

The  simplest  method  of  deducing  such  a  formula  is  the  following,  which,  aocord- . 
ingly,  has  been  adopted  for  this  and  other  similar  analyses. 

The  constants  A  and  q  in  equation  (15)  may  be  assumed  to  remain  so  nearly  o.oo- 
stant  for  explosives  of  this  class  that  the  values  found  for  them  by  the  experi  xoeTvt^ 
with  dynamite  can  be  adopted.     Hence: 


(22) 


ir_W(D  +  O.Qi)'-' 
C 


The  numerical  value  of  K  for  each  observation  is  computed  by  this  formula*-  J  ^^ 
the  mean  of  them,  after  the  application  of  Peirce's  Criterion  for  the  rejection  of  ^J-Onot- 
ful  observations,  is  adopted  as  the  true  value.  Tlie  probable  error  is  compute  *3  s"'' 
reported  as  a  measure  of  the  accordance  among  the  observations. 

This  process,  applied  to  the  31  good  shots  with  gun-cotton  in  thin  cases,  g»-'*'^ 
following  results,  shots  402  and  4 1 2  being  rejected  by  Peirce's  Criterion : 
For  dry  compressed  ( 1  '1  shots),  K  =  48.63 
For  wet  compressed  (  5  shots),  K  =  44. 1 2 
For  wet  granulated  (12  shots),  K  =  47.60 
Average,  gun-cotton  (29  shots),  K  =  47.28  dz  0.65 
The  latter  value  was  adopted,  giving  (equations  (15)  and  (6))  the  follo**'^"^ 
formulsB  for  the  action  of  this  explosive  in  the  horizontal  plane  containing  the  cl**'^' 
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(23) 

(24) 


47.28  0 
■  (D  +  O.Oi)' 


_  .     //     1493000 C    Y 
/\/  (^(D  +  HOl)"    ) 


l^(D  +  (l.01)'^ 

The  following  table  exhibits  the  data  above  discussed,  with  a  comparison  betwec 
the  indications  of  these  formulffi  and  the  measurements.  No  better  results  could  I 
desired  in  such  an  investigation,  the  discrepancies  being  no  greater  than  the  different 
between  the  individual  shots,  while  tlie  absolute  accordance  is  all  that  could  reaaoi 
ably  be  expected. 

dummary  of  ^WMWtton  easpmrnente. 

THIir  CASES. 
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The  vertical  angular  function  is  next  to  be  considered.  The  general  expression 
for  this  function,  as  already  explained,  is  the  following: 

(18)  Kz=m(5  +  E) 

If  the  data  for  the  other  explosive  compounds  were  as  numerous  as  for  dynamite 
the  proper  method  would  be  to  discuss  each  of  them  in  the  manner  adopted  for  the 
latter.  As,  however,  it  may  reasonably  be  assumed  that  m  is  constant  for  this  whole 
clasd,  it  appears  better  to  adopt  the  value  already  found,  based  on  so  many  and 
extended  experiments,  rather  than  to  rest  its  determination  on  a  few  shots.  The  ulti- 
mate test — the  accordance  between  the  observations  and  the  formula — will  show 
whether  this  be  the  true  method     Hence,  for  gun-cotton: 


(25) 


K  =  47.28  =  0.21  (S^  +  E) 
E  =  135 

3      7/6636  (5+135)C"Y 
-'\/  \     (D  +  O.Oir     ) 


The  following  table  exhibits  the  application  of  this  formula  to  all  the  data  for 
gun-cotton  exploded  in  thin  cases  in  which  no  leads  were  defective : 

Analyftis  of  the  vertical  angular  fu/notian. 


GUN-COTTON  IN  FOUR-FOOT  RING. 


Charge. 

• 

o 

i 

2 
2 
6 
6 

2 

4 

6 

80 

^  =  IW> 

d  =  90o 

d  =  30o 

Obserred.            Comp. 
(P)                    (P) 

Dili: . 

Observed. 
(P) 

Comp. 

(P) 

Diff. 

Observod. 
(P) 

Comp. 

(P) 

Diff. 

Pounds 
1 

1.6 
2 
2.4 

3 
3.2 

4 
5 

Pounds. 

6,625±     116 

18,  111        627 

11,807        468 

13, 118       620 

16.408    1.171 
13.602        360 
18.447        704 
10, 208        218 

Pounds. 

7,718 

11.157 

12,250 

13,825 

16,053 
16,753 
19,445 
22,560 

Powids. 

—  1,098 
-»-  1,054 

—  443 

—  713 

-h      355 

—  3,061 

—  998 

—  3,352 

Pounds. 

5,445  ±  333 

10, 157       774 

12,186         96 

11.224       150 

14.534       500 
13.600       403 
16,441        426 
19,800       280 

Pounds. 

6,508 

0,010 

10,465 

11, 815 

13,713 
14, 316 
16,613 
10,285 

Pounds. 

—  1, 149 
+  1.138 
+  1.721 

—  501 

+      821 

—  626 

—  172 
•f      515 

Pounds. 

6.500±    318 

7,958         82 

10, 031         01 

9,405       184 

13,533       520 
11,875       170 
12,941    1,068 
16,641        147 

Pounds. 
5,360 
7,833 
8,510 
9,610 

11.153 
11,637 
13,510 
15,680 

Pounds. 

+  1.140 
+      625 
+  1*581 

—  205 

4-2,380 

—  268 

—  569 
+      961 

Means — 

16, 612  ±     380 

18,738 

2,285 

16,347  ±  440 

15,907 

674 

13, 706  ±     261 

12,973 

886 

Remembering  that  this  is  an  absolute  test  of  the  whole  formula,  and  not  simply 
a  relative  test  of  the  value  found  for  the  angular  function,  the  accordance  is  surpris- 
ingly close.  Indeed,  the  analysis  connects  what  is  palpably  a  deficiency  in  the  indica- 
tions of  the  two  upper  gauges  (J&  =z  150^),  due  probably  to  some  of  the  pistons  being 
slightly  jammed  by  tbe  intensity  of  the  shocks  of  the  larger  charges. 

^^'**^^— This  explosive,  invented  by  Mr.  Carl  Dittmar,  dififers  from  dynamite  No. 
1  in  the  material  used  as  an  absorbent,  being  claimed  by  the  inventor  to  consist  of 
"cellulose,  nitro-cellulose,  nitro-starch,  nitro-mannite,  and  nitro-glycerine  mixed  in 
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different  combtnations,  depending  upon  the  degree  of  strength  which  it  is  desired  the 
powder  should  possess  i[i  adapting  its  use  to  various  purposes."  In  its  best  form  it  is 
believed  to  consist  of  nitro-glycerine  absorbed  by  Schultze's  powder — nitrated  cellu- 
lose obtained  by  treating  woody  fibre  with  mixed  nitric  and  sulphuric  acids.  Analyses 
of  the  manufactured  article  as  sold  in  the  market  are  claimed  to  have  shown  that  the 
absorbent  is  simple  sawdust  not  nitrated.  Variations  in  the  method  of  manufacture 
are  certainly  frequent,  causing  differences  in  the  article  as  furnished.  The  experinienta 
here  reported  were  made  with  a  sample  lot  purchased  in  August,  1871,  specially  for 
these  trials,  as  was  understood  at  the  time  by  the  maker,  Mr.  Dittmar ;  and  tliere  are 
several  reasons  to  suppose  that  a  quality  more  carefully  prepared,  and  stronger  than 
is  usually  to  be  had  in  trade,  was  supplied. 

Neglecting,  for  the  present,  several  shots  fired  in  wooden  boxes,  36  experiments 
were  available  for  the  general  discussion — all  made  in  the  rings.  The  following  table 
oxhibits  the  data  in  full ;  and,  for  comparison,  the  indications  given  by  the  formulee 
deduced  below : 

Summary  of  dualin  experimenU. 

RIHO  SHOTS. 


!>"■    «««. 


Pkh 

re  p«r  MiBsni  Inch.    (P) 

HonoTaixsmDiH. 

-      ■-      - 

Kemwk^ 

Poutidi. 

P<mm4t.             P«a>d,. 

17,  IM 

13,878       j        +  1,177 

DoDbUul. 

•.W.     . 

8.871        l<     +'.*« 

B.WJ     * 

i     +      Oi 

8,778 

»,7M 

+       17 

a  701 

n.m 

+  1,608 

DoabUoL 

1«.BM     > 

+  1.2M 

II,  m 

-      3» 

ne87 

».M 

-      IBl 

, 

Kl»       ,       f^OM       1 

-■.78S 

10, 7M 

-    «n 

17. » 

1 

-      IK 

l^Wl 

! 

-  i.[we 
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Summary  ofdualm  experimenU — Cuutiuutid. 


KIMO  SHOTS-CsntiBDad. 


-      118 

-\.m 


This  explosive  was  bo  powerful  that  the  gauges  of  the  3-foot  ring  were  mare  o>^ 
less  affected  by  the  jamming  of  the  pistons,  and  they  were  not  used  in  deducing  '^• 
This  based  the  determination  upon  32  shots,  or  about  192  gauge  records.  The  method 
of  analysis  already  explained  for  gun-cotton  was  employed,  giving  K  =  67.70  ±  I  -^^^ 
no  observation  being  thrown  out  by  Peirce's  Criterion.  Hence,  for  the  horizontal 
plane  containing  the  charge: 

(26)  W  =       ^^-^  ^ 


(D  +  U.Olf' 


(27)    - 


-VG 


'^1370000  \' 
1^(0+0.01)"^ 

The  analysis  of  the  vertical  angular  function  was  made  in  tlie  manner  atr^^f 
explained  for  gun-cotton,  giving  E  zi  232.     Hence,  for  the  general  dualin  formulf^  - 


(48) 


,_  >     //663'6  (S  +  23a)'CY 
~\/\     (D  +  OOl)"     ) 


The  following  tables  give  a  comparison  between  the  observations  and  the  ind<*'*" 
tions  of  this  formula.  The  accordance  is  surprisingly  close ;  and,  combined  witU  *''* 
gun-cotton  study,  is  quite  sufficient  to  establish  the  correctness  of  my  general  roethtJ" 
of  analysis,  which,  it  will  be  remembered,  is  based  upon  the  assumption  that  one  »"" 
the  same  general  formula  should  apply  to  all  the  explosive  compounds,  when  t^* 
individual  value  of  E  (in  this  case  232)  is  known. 
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Analysis  of  the  vertical  angular  funoHan, 


DUAUN,  IN  FOUE-FOOT  RING. 

Charge. 

1 

'S 

6 

4 

4 

84 

4 

2 

d  =  150o 

d  =  00o 

*  =  80o 

Obseired.            Comp. 

(P)                    (P) 

1 

Diff. 

Poundt. 
+  2.306 
+      600 

-  2.325 

-  3.218 

-  4,155 

Observed.            Comp.       • 

(P)             1        (P)               ^^ 

1 

Observed. 

(P) 

* 

Comp. 
(P) 

DUK 

Poundt. 

Poundt. 
11.778  ±  688 
16,502       413 
17, 100       801 
20.427    1.161 
23,275    1.042 

Pound*. 
0,882 
14,908 
10,515 
23.615 
27,430 

Poundt. 
8,832  ±  375 
13, 845       502 
18,082       251 
20, 188       645 
22.803        785 

Poundt. 
8,372 
13,200 
17,417 
21,007 
24,405 

Poundt. 
+  460 
+      554 

+      665 

-  000 

-  1,602 

Poundt. 
7,070  ±  534 
11,806       852 
15, 387       328 
10, 600        187 
15,671       480 

Poundt. 
7,206 
11.680 
15. 175 
18,885 
21.385 

Poundt. 

-  217 
•f      816 
+      212 
+  1,206 

—  6.064 

Heuis. .. 

17,122  ±  445    '        18,080 

2.830 

1 

17.383  ±  345    1        16^021 

608 

14,766  ±  842 

14.743 

681 

DUALIW,  m  nVE-FOOT  RING. 

1 

4 

2 
2 

6^587  ±  536 
15.147       660 

6,450 
16^257 

+      187    1        5,704  ±  065 
-  1.110          13,543    1,071 

5.755 
14.500 

-  51 

—  OW 

5.026  ±  250 
0.888    1.464 

5^017 
12.640 

+         » 
-8.868 

Heuii 

\.., 

10.867  ±  503 

11.858 

624 

0,624  ±1.018 

10.127 

)04 

7,207  ±  857 

8,828 

1.680 

Lithofhtctenr  (or  R6ndrook).->The  precise  composition  of  this  explosive,  as  devised  and 
manufactured  by  Messrs.  G.  Krebs  &  Co.,  of  Cologne,  is  not  oflScially  stated.  As 
roughly  indicated  by  them,  it  consists  of: 

Nitro-glycerine 525 

Silica 225 

Mineral  bodies « 260 

According  to  Lieutenant  Trauzl,  of  the  Austrian  engineers,  it  consists  of  : 

Nitro-glycerine « 52 

Kieselgohr 30 

Powdered  coal 12 

Sodium  nitrate 4 

Sulphnr 2 

This  explosive,  or  what  purports  to  be  a  modified  form  of  the  same,  has  been 
introduced  into  this  country  by  Mr.  T.  S.  Beach,  under  the  name  of  rendrock.  His 
combination,  as  sold  in  the  market,  closely  resembles  caked  gunpowder  in  appearance, 
and,  according  to  the  terms  of  his  patent,  is  the  following,  but  he  declined  to  state 
specifically  the  ingredients : 

Nitro-glycerine 40 

Sodinm  or  potaasiam  nitrate 40 

Cellulose 13 

Paraffine 7 

For  these  trials  he  supplied  two  additional  samples  of  his-  powder,  containing 
respectively  20  and  60  per  cent  of  nitro-glycerine.  The  latter  was  decidedly  too 
moist  to  be  safe  for  general  use,  and  the  deliquescent  nature  of  the  absorbent  caused 
exudation  even  in  the  trade  article  when  exposed  to  dampness. 

Ten  shots  were  fired  with  the  composition  as  usually  supplied  by  Mr.  Beach,  and 

five  with  each  of  the  other  samples,  thus  basing  the  determination  on  120  gauge 
If 0.23 12 
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measurements  in  the  4-foot  and  5-foot  rings.  These  data,  subjected  to  the  analyBis 
explained  for  gun-cotton,  gave  the  following  results,  no  shot  being  thrown  out  by 
Peiree's  Criterion : 

For  ^  nitro-glycerine  sample;  K  =  40.06  ±  2.89 
For  j^  nitro-glycerine  sample;  K  r:5-'.56  ±2.19 
For  j^  nitro-glycerine  sample;  K  =  53  78  ±  2.93 
The  following  table  exhibits  these  data,  and  a  comparison  between  the  measure- 
ments and  the  formula : 

SKtnmarjf  of  rendrock  experiments. 

TWENTY  PES  CENT.  KITBtMJLYCEKDIK. 
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From  the  foregoing  values  of  K  the-  following  formulaa  may  be  derived,  by  ^^ 
process  already  explained  for  gun-cotton: 


For  ^  nitro-glycerine  sample;  P: 


vc 


663  i  (S  +  101)  C 
(D  +  0.01)' 


)■ 


EXPLOSIVE  OOMPOTJNDS. 


91 


^6636(3  +160)C^ 


(29)    For  ^nitro-glycerine  sample;  P=  '//6i_____^ 
For  ^  nitro-glycerine  sample ;  V  =  '    /  (- 


^6636  (S  + 166)  CV 
(D  +  0.01)^'     ) 

This  digcussioQ  shows  conclusively  that  the  proportions  of  the  different  ingre- 
dients of  the  trade  article  are  well  chosen — at  least  for  use  under  water;  and  that,  so 
far  as  strength  is  concerned,  rendrock  has  a  high  value  for  this  kind  of  work  as  com- 
pared with  many  of  the  others,  including  gun-cotton. 

Dynaviita  (or  OUnt  Powder)  Va  8. — This  explosive,  invented  by  Nobel,  is  based  upon 
the  idea  of  using  gunpowder  instead  of  the  inert  substance  kieselguhr  as  the  absorb- 
ent for  the  nitro-glycerine.  As  supplied  by  the  Atlantic  Giant  Powder  Company  its 
composition  is  the  following: 

Nitro-glyoerino 36 

Potaaainm  or  aodinm  Dltr>te 48 

Solptmr 8 

Be«in,  powdered  ooal,  or  chorooa) 6 

Nine  shots,  giving  54  gauge  records,  were  fired  with  this  explosive  in  the  4-foot 
ring.     After  the  rejection  of  two  of  them  by  Peirce's  Criterion  the  usual  analysis  gave: 
K=  44.15  ±1.30 


(30) 


'=VC 


6636  (S+120)C 
(D  +  0.01)" 


)■ 


The  following  table  exhibits  the  data,  with  a  comparison  between  the  measure- 
ments and  formula: 

Summars  of  exptrimentt  with  dynamite  Xo.  2. 


5,900 
tl,0«7 
13,  OM 

13.  m 
14, 1W 


BqfMtelbjCritoiloD. 


Tnlean  Powder.— This  explosive,  supplied  by  Mr.  R.  W.  Warren,  belongs  to  the  same 
class  as  dynamite  No.  2. 

It  was  tested  by  General  Newton  for  rock  blasting  at  Hallett's  Point,  with  good 
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results.    The  usual  trade  composition  is  the  following ;  but  Mr.  Warren  also  sent  for 
trial  a  sample  marked  No.  2,  containing  5  per  cent,  more  nitro-glycerine: 

Nitro-gljceriDS 300 

Sodium  nitrate C35 

Charcoal ,^ 105 

Snlphur 70 

Twenty  shots — ten  with  each  variety — were  fired  with  this  explosive  in  the  4-foot 
ring,  giving  120  gauge  records.     Peirce's  Criterion  rejected  one  of  them,  and  the  usual 
analysis  gave  the  following  results  for  the  trade  article: 
K=  39.74  ±0.73 


(31) 


=vc 


f^66i:6(3  +  9»)  Cy 

For  the  sample  marked  No.  2  (5  per  cent,  more  nitro-glycerine); 
K  =  42.82  ±  1.23 


P  = 


_  1      //C636  (S  +  114)  C\' 
\/  \     (D  +  o:01)"       ) 


(D  +  0.01)' 

The  following  table  exhibits  the  data,  and  a  comparison  between  the  measure- 
ments and  formulae: 
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Summary  of  experimmta  with  vulcan  powder  No.  2. 
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10.1)5 
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IGoa  Powder.— This  explosive,  made  by  Mr.  G.  M.  Mowbray,  consists  of  finely 
divided  mica  scales'  (a  non-absorbent  silicate  of  alumina),  and  tri-nitro-glycerine 
(C«  H5  Oj  3NO5),  mixed  commonly  in  the  proportion  of  475  parts  by  weight  of  the 
former  to  525  parts  pf  the  latter.  It  was  largely  used  in  completing  the  Hoosac 
Tunnel,  with  good  results. 

The  nitro-glycerine  adheres  to  and  coats  the  scales,  but  is  not  absorbed  by  them ; 

and  Mr.  Mowbray  claims  that^  by  thus  exposing  an  immense  surface  of  nitro-glycerine 

to  the  initial  heat  and  vibration  developed  by  the  fuze,  a  more  instantaneous  reactioii 

is  secured  than  with  the  nitro-glycerine  in  a  liquid  form.     He  estimates  the  interstitial 

spaces  through  which  the  flame  penetrates  at  one-fourth  the  volume  of  the  powder 

when  tolerably  well  rammed 

As  will  hereafter  appear  my  experiments  have  tended  indirecdy  to  confirm  this 

idea  of  Mr.  Mowbray  respecting  the  relative  time  of  the  explosive  reactions  of  these 

two  substances,  which  is  also  fully  endorsed  by  Prof.  Henry  Morton  in  his  testimony 

in  the  suit  of  the  Atlantic  Giant  Powder  Company  vs.  G.  M.  Mowbry  et  dl.j  filed 

before  the  circuit  court  of  the  United  States,  district  of  Massachusetts,  in  1875.     In 

sub-aqueous  explosions,  however,  the  practical  effect  of  the  difference  is  precisely  the 

reverse  of  that  which  they  discovered  when  experimenting  in  strongly  resisting  media. 

This  by  no  means  militates  against  the  correctness  of  their  results,  for,  as  already 

stated,  the  nature  of  the  resistance  offered  to  the  expansion  of  the  gases  modifies  the 

effect  of  the  time  element.     A  yielding  surface  requires  a  more  sustained  impulse, 

within  certain  limits,  than  one  whose  rigidity  causes  instantaneous  fracture. 

Mr.  Mowbray  supplied  two  samples  of  mica  powder  for  trial.  No.  1  containing 

62  per  cent,  and  No.  2  40  per  cent  of  nitro-glycerine.     Nineteen  shots  were  fired  in 

the  4-foot  ring,  giving  114  gauge  measurements.     Discussed  in  the  usual  manner, 

none  of  the  shots  being  rejected  by  Peirce's  Criterion,  they  give  the  following  values 

of  K: 

Mica  powder  No.  1 ;  K  =  43.86  ±  0.79 

Mica  powder  No.  2;  K  =  28.61  ±  1.03 


Hence : 
(32) 


Mica  powder  No.  1 ;  P 


(33)  Mica  powder  No.  2;  P 


6636  (J& 


(D  + 


+  119)  CV 
0.01  )*-^      J 


6636  (5  +  46)  C 
(C  +  0.01)' 


l^) 


The  following  tables  exhibit  the  data  upon  which  these  formulsB  are  based,  and 
the  accordance  between  the  observations  and  the  computed  mean  pressures,  which  it 
will  be  noticed  is  remarkably  close : 
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BitmflToeiinfl. — For  reasons  which  will  appear  hereafter  in  discussing  these  formabe 
it  became  desirable  to  determine  whether  nitro-glyceiine,  as  it  is  found  in  the  market, 
can  be  considered  to  be  uniform  in  reapect  to  intensity  of  action;  i.  e.,  whether  the 
chemical  differences  which  exist  between  mono-,  di-,  and  tri-nitro-glycerine  affect  the 
strength  of  the  explosive  as  practically  used.  That  such  is  the  case  has  been  advanced 
and  stoutly  maintained  by  parties  interested  in  the  different  processes  and  modes  of 
manufacture. 

It  will  be  noticed  that  this  question  is  quite  different  from  that  of  relative  safety 
of  manipulation,  respecting  which  there  can  be  no  difference  of  opinion.  An  article 
carefully  made  and  properly  treated  can  be  kept  on  hand  for  an  indefinite  period, 
while  neglect  in  the  needful  precautions  insures  rapid  deterioration,  ending  sometimes 
in  spontaneous  explosion  and  sometimes  in  the  loss  of  all  explosive  properties. 

To  test  this  question  practically  supplies  were  obtained  in  1871-72  from  three 
parties,  Messra.  Marcelin  &  Warren,  who  were  then  supplying  General  Newton  with 
large  quantities  for  immediate  use  in  rock  blasting  in  New  York  Harbor ;  from  Mr. 
G.  M.  Mowbray,  who  was  furnishing  the  Hoosac  Tunnel  with  a  very  superior  article ; 
and  from  Mr.  Charles  T.  Chester,  who  had  a  manufactory  upon  the  Hudson. 
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The  Marcelin  &  Warren  sample  was  tested  immediately  after  the  manufacture, 
in  the  milky  condition  in  which  it  was  used  by  General  Newton.  Mr.  Mowbray  sent 
his  sample  in  a  frozen  state,  thoroughly  purified  and  fit  for  long  storage.  Mr.  Chester 
delivered  an  article  which  had  lost  its  milky  appearance,  but  which  was  highly 
colored,  contained  free  acid,  and  was  evidently  liable  to  give  trouble  if  not  carefully 
watched.  It  was  kept  in  store  for  a  couple  of  months,  and  occasionally  tested  in  the 
rings.  Although  frequently  supplied  with  fresh  water,  and  treated  with  every  care  in 
storage,  it  gradually  deteriorated,  becoming  weaker  and  leas  explosive  until  finally 
consumed. 

Twenty-two  shots  were  fired  with  these  different  samples  in  the  3-foot  and  4-foot 
rings,  giving  132  gauge  measurements.  Throwing  out  the  last  four  shots  with  the 
Chester  sample,  which  were  affected  by  a  very  evident  deterioration,  no  difference 
could  be  detected  in  the  intensity  of  action  developed  in  the  rings.  One  formula 
represented  them  all  fairly,  although  the  explosive  seems  somewhat  variable. 

The  analysis  was  made  by  the  usual  method,  one  shot  (No.  92,  Mowbray's) 
being  rejected  by  Peirce's  Criterion.     The  value  of  K  was  found  to  be: 

K  =  42.20  ±1.51 
Hence : 

Y6636(^+111)C\' 
(D  +  0.01)»-'     ) 


(34) 


'=V(^ 


The  table  exhibits  the  data  and  the  corresponding  indications  of  this  formula. 
The  gradual  deterioration  of  Mr.  Chester's  sample  is  pliunly  shown  by  the  figures — 
one  shot  (No.  253)  which  bad  been  kept  on  hand  ftS  days  failed  altogether  to  explode, 
although  a  very  powerful  fuze  was  fired  in  it.  Unquestionably,  Mr.  Mowbray's  was 
the  best  sample;  but  since  it  exhibited  no  superiority  in  intensity  of  action,  I  infer 
that,  so  far  as  strength  is  concerned,  his  process  has  no  advantage  over  leas  perfect 
methods  of  manufacture.  For  safety  of  handling  and  storage,  beyond  a  doubt  his 
product  was  immensely  superior  to  those  supplied  by  the  other  parties. 
(Summary  of  experimenU  with  nitro-glifceriM. 
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Sunmary  of  tJBperinmts  with  nitro-gb/cerine — GODtioned. 
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HercvlM  Powder.— This  explosive,  Bupplied  by  the  California  Powder  Works  (San 
Francisco,  Cal.,  and  Cleveland,  Ohio),  belongs  to  the  general  class  of  the  dynamites. 
It  is  sold  in  two  grades,  No.  1  XX  and  No.  2.  The  composition  of  No.  1  XX,  which 
is  decidedly  overcharged  with  nitro-glycerine  for  safe  handling  in  the  miUtary  service, 
ia  the  following : 

NitTo-glfoerine 77 

MagnenDm  oarboDBte.' 20 

Wood  pulp 2 

Sodium  nitrate 1 

That  of  No.  2  is  the  following : 

Nitro-glfoerine AtO 

Sodium  nitrate 435 

Wood  pulp 110 

Uagii««inm  caibooate 35 

Twenty-eight  shots  were  fired  with  Hercules  powder  in. the  4-foot  and  5-foot 
rings,  but  as  the  records  of  one  of  the  former  were  lost  (with  the  ring),  only  twenty- 
seven  are  available. 

Of  these  shots  thirteen  were  with  No.  1,  giving  78  gauge  records.  Two  shots 
were  rejected  by  Peirce's  Criterion,  and  the  usual  analysis  gave  the  following  results 
for  this  grade  of  the  powder : 

K  =  63.17±1.14 

(34«)  P=!    //663MS  +  211)CY' 

^      ^  VV     (D  +  OOl)''     ) 
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Fourteen  shots  were  tired  with  grade  No.  2,  giving  88  gauge  records.     Peirce's 
Criterion  rejected  one  shot,  and  the  usual  analysis  resulted  as  follows : 

K  = 


(3«) 


vc 


43.7  ±  1.26 
6636lS+118)"C' 
(D  +  0.01)" 


)'- 


The  following  tables  exhibit  these  data,  and  a  comparison  between  the  measure- 
ments and  the  indications  of  the  formuUe : 

Summary  of  experiinmU  with  Herculei  powder  So.  1. 
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Summary  of  experimmU  with  Hereutei  powder  So.  2. 
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Elootrio  Powdsr.— This  explosive,  supplied  by  Mr.  N.  H.  Barney,  of  Titusville,  Pa.* 
is  a  nitro-glycerine  compound  with  an  explosive  base.  Two  grades  were  tested — No. 
1  containing!  33  per  cent  of  nitro-glycerine,  and  No.  2,  28  per  cent  The  composition 
of  the  explosive  base  was  communicated  confidentially,  and  cannot  therefore  be  stated; 
but  it  may  be  remarked  that  neither  grade  exhibited  a  tendency  to  deliquesce  when 
exposed  for  a  few  days  to  damp  air. 

The  powder  is  usually  supplied  in  the  form  of  cartridges — diameter  to  suit  pur- 
chasers; and,  in  the  circulars  describing  its  use,  great  stress  is  l^d  upon  the  necessity 
of  tamping  with  wet  clay  or  water  when  the  object  is 'the  removal  of  stumps  or  the 
blasting  of  loose  boulders. 

The  nitro-glycerine  is  made  under  the  patents  of  E.  A.  L.  Roberts,  a  large  manu- 
facturer and  the  inventor  of  an  "oil-well  torpedo." 

Twenty-six  shots  were  fired  with  electric  powder  in  the  4-foot  ring ;  and,  when 
analyzed  in  the  usual  manner,  none  were  rejected  by  Peirce's  Criterion.  One  charge, 
however,  was  accidentally  wetted,  and  as  its  strength  was  greatly  reduced  thereby  it 
was  thrown  out  in  framing  the  formulse. 

The  data  for  grade  No.  1  accordingly  consisted  of  13  shots,  giving  78  gauge 
records,  and  for  grade  No.  2,  of  12  shots,  giving  72  gauge  records.  The  following 
are  the  results  of  the  analysis : 

For  grade  No.  I : 

K  =  33.00  ±0.91 


(34c) 
For  grade  No.  2 : 


I      //6t>36  (3  +  67)C^ 
"V  V    (D  +  0-01)" 

K  =  27.83  ±0.72 


J 


'-)       ^=VCiS^' 


The  following  table  exhibits  the  data,  and  a  comparison  between  the  measure- 
ments and  formulae : 

Nummary  af  exprniMttto  wtlA  eleetrM  powder  JITo.  1. 
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Summary  of  experimenU  with  electric  powder  yo.  1 — Oontinued. 
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Summary  of  experiments  with  electric  powder  No.  2. 
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Saognolle  Powder.— Picric  acid  is  said  to  have  been  discovered  in  1788  by  Hauss- 
man,  while  treating  indigo  with  concentrated  nitric  acid.  Within  a  few  years  chemists 
have  derived  it  from  other  substances,  especially  from  carbolic  acid.  It  is  a  crystalline 
body,  of  a  brilliant  golden  yellow,  bitter  to  the  taste,  and  largely  used  as  a  dye. 
When  heated  to  600^  Fahr.  it  decrepitates  with  violence. 

The  salts  obtained  by  treating  many  of  the  bases  with  picric  acid  possess  deto- 
nating properties.  The  one  best  known  is  potassium  picrate,  which  forms  golden 
crystals,  having  a  metallic  reflection.  Insoluble  in  alcohol,  and  but  slightly  soluble 
in  water,  it  detonates  violently  at  600^  Fahr.  Its  action  is  akin  to  that  of  the  fulmi- 
nates in  suddenness;  and  to  regulate  this  property,  DesignoUe  has  mixed  it  with 
potassium  nitrate  and  charcoal,  thus  forming  an  explosive  vastly  more  powerful  than 
gunpowder.  To  obtain  the  maximum  explosive  energy  he  employs  equal  parts  of 
potassium  nitrate  and  potassium  picrate.  For  use  in  rifles,  from  12  to  20  per  cent,  of 
potassium  picrate  is  used,  with  a  small  amount  of  charcoal.     For  cannon,  only  from 
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8  to  12  per  cent,  of  potassiam  picrate  is  employed.     Under  the  name  of  paudreDesig- 
nolle  this  compound  has  been  considerably  manufactured  in  France  for  military^  pur- 
poses, both  for  large  guns  and  for  torpedoes.     It  is  dangerous  to  handle,  by  reason  of 
its  sensitiveness  to  friction ;  and  a  serious  accident  in  Paris,  resulting  from  this  fsiult, 
caused  it  to  be  discarded. 

The  sample  used  in  my  experiments  was  made  to  order  by  Mr.  C.  H.  Kra-ft,  of 
Brooklyn.  It  consisted  of  equal  parts  of  potassium  picrate  and  potassium  nitral;^,  in 
fine  powder  mechanically  mixed. 

Twelve  shots  were  fired  in  the  4-foot  ring,  giving  72  gauge  records ;  noxie  of 
which,  when  subjected  to  the  usual  analysis,  were  rejected  by  Peirce's  Criterion.  The 
results  were  the  following: 

K  =  32.50  db  0.58 


(34e) 


'-K/1 


6636  (:&  +  65)  C\ 
(D  +  0.01)^^    ) 


2 


The  following  table  exhibits  the  data,  and  a  comparison  between  the  measure- 
ments and  the  formula : 


Summary  of  experiments  with  Designolle  pofcder. 
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Brag^ere,  or  Picric  Powder.— This  explosive,  unlike  the  preceding,  is  not  liable  to  ^'^^^' 
dental  explosion  from  rough  handling.     Its  base  is  ammonium  picrate,  which  di^^ 
from  the  potassium  salt  in  many  of  its  properties;  thus,  when  ignited  by  a  flacJ^^^ 
burns  gradually  without  explosion,  and  it  is  not  sensitive  to  friction.     Brugere  po^^^ 
has  little  tendency  to  absorb  moisture  from  damp  air,  and  is  much  more  violent  *** 
gunpowder.     For  these  reasons  it  has  been  used  in  shells  with  good  results  in  Engl^^  ' 
and  has  been  experimented  with  at  Newport  as  an  explosive  for  oflfensive  torpedo^^' 
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The  powder  used  in  my  experiments  was  made  to  order  by  Mr.  C.  H.  Kraft,  of 
Brooklyn.  It  consisted  of  equal  parts  of  ammonium  picrate  and  potassium  nitrate,  in 
fine  powder,  intimately  mixed,  but  not  granulated.  The  latter  process  is  quite  safe, 
and  should  not  be  neglected  when  large  quantities  are  to  be  used ;  but  for  the  small 
chtu-ges  and  powerfully  detonating  fuzes  employed  in  these  experiments,  it  is  probable 
that  no  loss  resulted  from  this  mechanical  condition  of  the  powder. 

Twelve  shots,  giving  72  gauge  records,  were  fired  in  the  4-foot  ring,  and  Peirce's 
Criterion  rejected  none  of  them.     The  usual  analysis  gave  the  following  results: 
K  =  41.92  ±  0.94 


(9V) 


P  = 


=Vf 


6ft36  (:&  +  110)C\ 
(D  +  0.01)"       J 


The  following  table  exhibits  the  data,  with  a  comparison  between  the  measure- 
ments and  the  indications  of  the  formula; 


Summary  ofea^erimmU  with  Brugere,  or  pierio  powder. 
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In  Appendix  A  three  shots  (Nos.  480,  481,  and  482)  are  reported  as  fired  with 
three  grades  of  picric  powder,  in  1877.  The  precise  composition  was  accidentally 
lost,  and  hence  they  are  not  discussed  here.  They  all  contained  charcoal,  and  were 
comparatively  weak. 

Sxplonvfl  Oelatme.— This,  the  latest  explosive  compound*  devised  by  Nobel,  has  not 
yet  made  its  appearance  in  our  market     Various  efforts  were  made,  immediately  after 

*  The  following  atatement  respecting  this  explosive  la  fhtm  Tol.  IV,  No.  12,  Occnsional  Pspurs  of  the  Ro;al  Engi- 
neer Iiutitnte,  being  extracts  from  the  "  Revue  d'Artillerie"  for  18T9,  translated  by  Capt.  H,  Jekyll,  R.  E.: 

"  Explosive  gelatine  is  a  pecnliar  description  of  gan-cotton,  entirely  solable  in  nitro-glycerine,  and  forming  with 
It  ft  gelatinons  or  in">i»iT  iubatance  more  powerful  tttan  Qitro-glycerine,  scarcely  affected  by  water,  and  giving  ont  no 
trace  of  nitn>.glyoerine  under  the  strongest  pTMsnre. 
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its  aniiouDcement  in  Europe,  to  import  a  sample  for  trial ;  but  the  shipment  across 
the  ocean  could  not  be  arranged.  Facilities  for  manufacturing  the  material  in  bulk 
are  lacking  at  Willets  Point,  and  it  therefore  had  received  no  experimental  study  when 
this  report  was  officially  transmitted  to  the  Board  of  Engineers  in  December,  1880. 
Since  that  date  a  sample  (about  100  poundn)  made  by  Professor  Hill,  of  the  Naval 
Torpedo  Station  at  Newport,  has  been  kindly  presented  to  us  by  Captain  Ramsey, 
and  to  his  coui'tesy  I  am  thus  indebted  for  the  opportunity  of  making  the  following 

"  It  can  be  rendered  insensible  tomecb&nical  action,  while  retaining  itopoTrer,  by  mixing  it  with  oertkin  subatMiCM 
■olnble  in  nitro-glycerine,  mch  m  benzine,  et«. 

"It  ia  composed  of  93  parts  of  nitro-glycerine  and  7  of  soluble  pm-cotton. 

"The  experiments  demoii8ttat«d  its  inBenaibility  to  shock,  to  friction,  and  to  the  pTessnre  or  action  ofwatcr,  and 
foither,  that  to  prodace  complete  explosion  in  a  free  state,  and  to  develop  the  great  force  corresponding  toitschemieal 
oompo^tion,  it  wonld  be  necewary  to  use,  even  in  ita  soft  state,  a  peculiarly  powerful  detooator. 

"  One  gramme  of  fulminate  of  mercSTy  was  insufficient  to  detonate  a  charge  in  a  soil  stat?  contained  loosely  In  a 
tin  case.  Fragmeubs  of  gelatine  as  large  aa  a  pin's  head,  or  even  aa  a  small  pea,  were  found  scattered  abont  after 
the  explosion. 

"  Under  the  blow  of  a  pile  engine  the  gelatine  was  insensible  to  a  blow  of  3.5  kilogrammetrea,  while  dynamite 
instantly  explodes  nnder  I  kilogrammetie. 

"  The  gelatine  is  unaffected  by  submersion  in  water,  even  at  a  temperature  of  158°  Fahr.,  and  showed  no  trace  of 
exudation  after  eight  days  at  a  temperature  of  113°  Fahr. 

"  From  these  properties  it  would  appear  very  snperior  to  dynamite  for  military  purposes,  provided  a  sufficiently 
powerfol  primer  can  1m  made  to  insure  complete  detonation. 

"A  new  explosive,  snitable  to  all  requirements,  has  been  prepared  ftom  this  aubstance,  and  may  be  tenned  gtMbtt 
w^Ioritw  dt  guerre.  It  is  produced  by  adding  to  the  gelatine  a  smaU  proportion  of  camphor,  a  anhstance  highly  aolnhle 
in  nitro-glycerine. 

"A  very  small  proportion  of  camphor  renders  the  expIosiTc  insenaible  to  blows,  even  of  projectiles  at  short  range; 
it  also  enables  it  to  reBist  the  action  of  wat«r,  and  imparts  to  it  an  explosive  force  far  snperior  to  dynamite  or  oom- 

piCMOd  gOD'COttoD. 

"Foiconiplet«  detonation  a  special  primer  is  ueededof  extra  power,  composed  of  a  mlstnie  of  uitro-glyoerine  with 
a  description  of  nitro-cellalose  prepared  in  a  particular  manner. 

"  The  composition  of  gtlaHtu  txplonitt  de  giurre  is — 

"Camphor 4 

"Explosive  gelatine...... 96 

100 
"  Explosive  gelatine  oonusting  of— 

"  NitTO-glycerine 90 

"  Soluble  gnu-ootton 10 

100 

"In  appearance  it  is  gelatinous,  elastic,  transparent,  and  pale  yellow  in  color. 

"Ito  density  is  1.6;  it  can  be  cut  with  a  knife,  and  under  the  severest  pressure  it  shows  no  trace  of  nitro-glycerine. 
At  temperature  of  12^  Fahr.  to  140°  Fahr.  it  softens  a  little,  but  seldom  becomee  greasy. 

"  When  inflamed  in  the  open  air  it  bums  like  dynamite  or  dry  compressed  gun-cotton. 

"Two  hundred  grammes  were  placed  in  a  tin  cylinder  6  inches  long.  When  ignited  with  a  slow  match  penetrating 
the  middle  of  the  charge  it  burned  quietly  with  a  long,  yellow  Same,  though  the  case  was  closed  with  a  metal  cover. 
When  half  the  charge  was  burnt  the  cover  was  simply  raised  by  the  pressure  without  any  eiploeion  taking  place. 

"A  composition  of  10  parts  of  camphor  and  90  of  explosive  gelatiuo  may  he  exposed  for  a  week  to  a  temperature  of 
16S°  Fahr.  without  showing  any  signs  of  decomposition ;  4.4708  grammes  of  the  same  composition  in  a  watch  glsM 
were  exposed  for  seven  hours  a  day  during  two  months  to  a  temperature  of  from  104°  to  132^  Fahr.  No  decomporilion 
took  place,  merely  a  partial  volatization  of  camphor  and  uitro-glycerine. 

"  After  the  experiment  the  specimen  still  weighed  4.1339  grammes,  so  that  the  loas  of  weight  amonnted  to  cmly  .3469 
gramme,  or  7.7  per  cent.  As  nitro-glycerliie  becomes  volatile  at  104^,  part  of  the  loss  is  accounted  for,  so  that  half 
the  camphor  in  the  composition  can  ecurcely  have  evaporated,  though  the  circumstances  were  exceptionally  favMable 
to  evaporation. 

"  Experimente  are  needed  to  determine  the  rapidity  of  evaporation  of  the  camphor  and  the  effect  of  its  volatiia- 
tion  on  the  properties  of  the  composition. 

"The  preservative  action  of  camphor,  especially  at  exploding  temperatures,  is  extremely  notable.  Thus  pure  eiplo- 
■ivfl  gelatine,  slowly  heated,  detonates  at  400°  Fahr.,  or  rapidly  at  464°.  If  10  per  cent,  of  camphor  are  added  it  will 
not  detonate  at  all  when  slowly  heated,  but  becomes  diffused  in  sparks.    When  heated  rapidly  it  explodes  at  a  tern- 
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supplementary  experiments,  in  time  for  insertion  before  the  book  has  passed  through 
the  press.  Both  the  Atlantic  and  Pacific  Giant  Powder  Companies  are  now  taking 
steps  to  manufacture  explosive  gelatine  for  our  market,  and  hereafter  there  will  prob- 
ably be  no  difficulty  in  continuing  and  extending  the  trials  needful  to  determine  whether 
or  not  it  should  supersede  dynamite  No.  1  in  our  Torpedo  Service. 

The  sample  prepared  by  Professor  Hill  consisted  of  8^J  per  cent,  of  nitro-glycerine, 
7  per  cent,  of  collodion  gun-cotton,  and  4  per  cent,  of  camphor.  It  was  forwarded  in 
slabs  wrapped  in  oiled  paper,  each  weighing  about  10  pounds.  Being  received  in 
mid-winter,  it  remained  frozen  in  the  magazine  until  April  18, 1881 — a  whitish  opaque 
solid  of  about  the  consistency  of  cheese.  Small  pieces  in  this  state,  lashed  to  a  service 
low-tension  fuze  primed  with  24  grains  of  fulminate  of  mercury,  failed  to  explode ;  and 
the  same  result  followed  when  three  of  the  fuzes  were  fired  simultaneously  in  contact. 

In  April  the  slabs  were  moved  to  a  wooden  shed  with  the  papers  unwrapped,  and 
under  the  influence  of  the  spring  weather  they  soon  began  to  thaw,  changing  in 
appearance  into  a  thick  semi-transparent  jelly  of  a  pale  yellow  color.  The  substance 
in  this  condition  possessed  considerable  toughness,  but  could  be  easily  cut  with  a 
knife  and  rolled  in  strips.  Its  specific  gravity  was  about  1.6,  or  nearly  that  of  dyna- 
mite No.  1  compacted  in  cartridges.  A  couple  of  ounces  laid  on  a  zinc  plate  and 
exposed  for  about  six  hours  to  a  hot  sun,  when  the  thermometer  in  the  shade  indicated 
90^  Fahr.,  softened  sufficiently  to  flatten  by  gravity,  but  no  oil  exuded,  and  when  ignited 
by  a  match  the  mass  burned  like  gun-cotton,  with  a  strong,  hissing  flame.  A  small 
piece  plastered  upon  the  copper  cap  of  a  service  fuze  exploded  with  a  loud  report, 
indicating  an  increase  in  sensitiveness. 

In  only  one  instance  (May  10,  1881)  was  any  important  exudation  of  nitro-gly- 
cerine noted,  when  about  half  a  dozen  drops  appeared  by  the  side  of  one  of  the 


perature  too  high  for  meaanremexit  by  ordinary  apparatus.  Mixed  with  10  per  cent.,  or  even  4  per  cent.,  of  camphor, 
this  substance  will  not  explode  at  the  same  temperature  as  gunpowder,  viz,  570^  to  COOP  Fahr.,  but  simply  bums, 
producing  sparks. 

*^  It  may  be  inferred  from  the  above  that  its  liability  to  explosion  from  a  blow  would  be  equally  slight,  especially 
having  regard  to  the  elastic,  gelatinous  consistency  of  the  material. 

"It  requires  a  peculiarly  powerful  fuze  to  insure  the  certainty  of  detonation.  The  inertness  of  the  composition 
increases  rapidly  with  the  proportion  of  camphor.  With  the  addition  of  only  4  per  cent,  detonation  cannot  be  insured 
with  2  grammes  of  fulminate  of  mercury,  a  primer  of  compressed  gun-cotton,  or  a  mixture  of  75  parts  of  nitro-glyoerine 
with  25  of  gun-cotton,  as  used  in  the  Austrian  service. 

''A  special  primer  is  therefore  required.  It  is  composed  of  60  per  cent,  of  nitro-glycerine  and  40  per  cent,  of  a 
nitrons  substance  obtained  from  celiuluse  by  a  peculiar  process. 

''  Owing  to  the  composition  of  cotton,  it  is  Impossible  to  obtain  from  it  tri-nitro-cellulose.  In  Abel's  process  much 
of  the  cotton  is  only  partially  nitrogenized,  and  some  not  at  all,  while  Lenk's  method  is  still  less  efficient. 

**  If  sulphuric  acid  be  made  to  act  upon  cotton  a  white  powder  is  obtained,  named  hydro-cellulose.  This  substance 
18  extremely  susceptible  to  the  action  of  nitric  acid.  The  result  is,  as  regards  explosive  force,  a  highly  nitrogenized 
description  of  cellulose. 

«  This  new  gun-cotton  appears  in  the  form  of  a  fine  powder  resembling  flour,  but  exhibits  under  the  microscope  the 
specific  stmoture  of  cotton.  It  is  not  a  great  absorbent  of  nitro-glycerine,  like  AbePs  or  Lenk's  cotton,  which  are 
divided  by  mechanical  means,  neither  does  it  share  their  property  of  becoming  gelatinous  with  this  liquid. 

"  The  mixture  of  fiO  per  cent,  of  nitro-glycerine  with  40  per  cent,  of  nitro-hydro-cellnlose  yields  a  soft,  white,  soapy, 
and  entirely  homogeneous  substance.  Twenty  grammes  can  be  placed  in  an  Austrian  cartridge,  which  will  hold  bat 
15  to  17  of  the  regulation  composition,  and  thus  furnishes  a  primer  capable  of  exploding  gelatine  exploeive  de  guerre^  and 
snxpasaing  in  detonating  power  all  known  exploding  agents." 


104  BUB-AQUEOU8  EXPLOSIONS. 

thawing  slabs;  but  the  surface  of  the  mass  in  this  condition  was  usually  oily,  and  by 
absorbing  with  paper  and  striking  with  a  hammer  a  sharp  explosion  could  be  obtained, 
proving  the  presence  of  free  nitro-glycerine.  Handling  the  jelly  always  produced  the 
customary  nitro-glycerine  headache. 

The  following  experiments  were  made  upon  the  gelatine,  when  unfrozen,  to  test 
the  effect  of  violent  concussions.  A  slice  half  an  inch  in  thickness  was  suspended  in 
paper  and  pierced  by  a  bullet  from  the  regulation  Springfield  rifie  fired  at  25  yards ; 
result,  nil.  This  experiment  was  repeated,  without  explosion,  when  the  gelatine  was 
backed  by  an  inch  board.  The  range  was  then  increased  to  45  yards,  and  the  bullet 
was  driven  with  a  like  result  through  the  explosive  and  flattened  on  an  half-inch  iron 
plate  against  which  it  was  resting.  Finally,  a  10-pound  slab  was  lashed  to  a  vertical 
board  one  inch  thick,  and  was  pierced  by  a  service  bullet  at  a  range  of  100  yards. 
The  ball  thus  traversed  about  3  inches  of  the  gelatine  without  effect.  In  all  these 
trials  the  explosive  was  in  its  semi-transparent,  jelly-like  condition. 

To  test  its  tendency  to  sympathetic  explosion  a  few  experiments  were  carried  out 
in  the  manner  soon  to  be  described  for  dynamite.  Half-pound  cartridges  wrapped  in 
paper  were  submerged  5  feet  below  the  water  surface  at  distances  of  15,  10,  5,  and  3 
feet  from  a  fuze  can  containing  one  pound  of  dynamite  No.  1.  Detonating  the  latter 
produced  no  effect  upon  the  explosive  gelatine.  Under  like  conditions  dynamite  No. 
1  explodes  up  to  a  range  of  20.  feet 

These  experiments,  confirmatory  of  those  reported  abroad,  show  that  the  new 
explosive  possesses  much  less  liability  to  accidental  detonation  than  dynamite  No.  1, 
an  advantage  which  in  military  operations  on  land  can  hardly  be  overestimated. 

This  explosive  gelatine  proved  to  be  wholly  soluble  in  ether,  and  in  a  mixture  of 
ether  and  alcohol,  but  in  alcohol  alone  it  dissolved  with  difficulty.  Unlike  its  opera- 
tion with  other  nitro-glycerine  compounds,  this  process  did  not  separate  the  oil  from 
the  base.  By  evaporation,  or  by  the  addition  of  water,  a  white  mass  was  precipitated 
which  resembled  thick  flour  paste  in  appearance.  When  subjected  to  moderate  heat 
a  tendency  to  very  gradually  resume  the  semi-transparent  appearance  was  developed. 

Water  produced  no  exudation  of  nitro-glycerine,  another  important  advantage 
over  dynamite  No.  1,  from  which,  as  already  stated,  it  abstracts  the  nitro-glycerine  to 
a  greater  or  leas  extent,  dependent  upon  the  compactness  of  the  material.  After  several 
hours'  submergence,  however,  the  color  changed  to  the  opaque  white  characteristic  of 
the  precipitation  from  ether. 

The  new  explosive  was  next  tested  for  intensity  of  action,  in  the  usual  manner,  in 
the  4-foot  ring.  All  authorities  agree  that  this  substance  is  more  difficult  to  detonate 
than  dynamite,  but  a  few  trials  on  land  indicated,  when  the  gelatine  is  in  a  soft  state, 
that  a  violent  explosion  could  be  caused  by  the  service  fuze  charged  with  24  grwns 
of  fulminating  mercury  contained  in  a  copper  cap.     To  determine  the  "order"  of  this 
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explosion  sixteen  shots  were  fired  in  the  ring,  of  which  two  failed  and  the  rest 
exploded.  The  results  are  given  in  detail  in  the  following  table  and  in  Appendix  A. 
The  figures  establish  some  interesting  facts,  which  will  soon  receive  further  notice. 

To  obtain  a  measure  of  the  normal  intensity  of  action  of  the  explosive  when 
certainly  detonated,  sixteen  shots  were  fired  with  priming  charges  consisting  of  3 
ounces  of  dry  compressed  gun-cotton,  or  3  ounces  of  dynamite  No.  1  in  a  loose  state, 
each  fired  by  a  low-tension  fuze  charged  with  20  grains  of  fulminating  mercury. 
The  details  of  these  experiments  are  given  in  the  following  table  and  in  Appendix  A. 

Two  of  the  shots  (Nos.  690  and  691)  were  designed  to  test  the  effect  of  freezing 
the  gelatine.  The  charges  (3  pounds)  were  placed  in  a  soft  state  round  the  primings 
(one  of  gun-cotton  and  the  other  of  loose  dynamite  No.  1)  in  No.  1  tin  cans,  which 
were  then  packed  in  ice  for  seventy-nine  hours.  The  explosive  assumed  the  appear- 
ance of  a  white  solid,  so  hard  that  it  could  not  be  indented  by  a  stick ;  but,  as  appears 
from  the  table,  no  effect  was  produced  upon  the  normal  intensity  of  action  due  to 
perfect  detonation. 

Summary  of  exploHve  gelatine  eo^eriments. 


Ko.of 
•hot. 


Charge. 


Weight 
(C) 


Submer- 
gence. 

(S) 


Ring. 


e66 
M7 
668 


670 

671 
672 
678 

674 
678 

675 
676 

6n 

679 
680 
681 


684 

683 
686 

603 

604 
600 
681 
602 
605 


607 


Poundt. 
1 
1 
1 
2 
2 

2 
3 
3 
8 
3 

4 

4 

5  . 

6 

6 

6 

2 

2 

"3 
3 

8 

3 
3 
3 
3 
8 
3 
3 


33 
33 
83 
33 


83 
83 
83 
83 
88 

33 
33 
83 
83 
38 
33 


FetL 


33 

33 
33 

33 

33 
33 
33 
88 
83 
33 
88 


Dietanoeto 

gAoges. 

(D) 


Preaaiire  per  wiiiAre  inch.    (P) 
Mean  of  six  gaugea. 


Obeervod. 


Feet. 
L62 
L62 
1.62 
1.62 
L62 

1.62 
L62 
1.62 
L62 
1.62 

1.62 
1.62 
L62 
1.68 
1.62 
L62 

1.62 

1.62 

1.62 
1.62 

1.62 

1.62 
1.62 
L62 
1.61 
1.62 
1.62 
L62 


Compnted. 


Difference. 


Pounds. 
8,624 
8,480> 
8^962 
11,047 
0,847 

8,406 

8,752 

18,468 

12,036 

0,660 

20,007 
16^462 
16,770 
11,823 
6,402 
10,467 

16,804 
0,860 


Poundt. 


8,832 


Pounds. 

—  208 
862 
130 


10,883 
13,667 

14,024 

16,125 
17, 167 
18,601 
18,802 
18.114 
17,808 
18,262 


J 


14,020 


18,370 


Remarks. 


f     +1,874 


r     +1,523 


—  4,346 

—  3,245 
~  1.218 
+  231 
+   432 

—  256 

—  562 
L  —   108 


One  fuse ;  20  gralnB  Ailminatbig  mercury. 
Do. 
Do. 
Do. 
Do. 

I 

Do. 
Do. 
Do. 
Do. 
Two  fuses ;  40  graina  Mminating  mercury. 

One  ftise ;  20  grains  fulminating  mercury. 
Do. 
Do. 
Do. 
Do. 
Do. 

Primer,    8  ounces  of  gun-cotton.    Rejected  by 
Peirce*s  Criterion. 

Primer.  3  ounces  of  dynamite.    This  charge  had 
failed  with  a  fuze. 

Primer,  8  ounces  of  gun-cotton. 

Primer,  8  ounces  of  dynamite.    This  charge  had 
fikiled  with  a  flase. 

Primer,   3  ounces   of   dynamite.     R^ected  by 
Peirce's  Criterion. 

Primer,  3  ounces  of  dynamite. 

Primer,  8  ounces  of  gun-cotton,  frozen. 

Primer,  3  ounces  of  dynamite,  frozen. 

Do. 
Primer,  8  ounces  of  gun-cotton. 

Do. 

Do. 


r 


No.  23 ^14 


106 


SUB-AQDEOTJS  EXPLOSIONS. 

Summaty  of  explosive  getaiine  experimmtM — Gontinned. 


No.  Of 
■bot. 

ChTBO. 

IHltUIMtO 

PrwaoropoToqaarelMib.    (P) 
MouiorriittMgu. 

Bcoutrkt. 

Wdght 

Submer 

gODOC. 

(8) 

ObMTTod. 

ConpoMd. 

Dlffamico. 

■88 

FouiuU. 

t 

Fft 
S3 
S3 

83 
13 

Ffl. 

Fttt. 

SI*! 

a»e3j 

fMtmlt. 

Prinwr^looi 

PriBMT,  lOOJ 

Do. 
FilDMr,3Mi 

BOM  of  dyoanUe. 
aOMofgUB^otUm. 

MMofdjnmll*. 

i,(m 

■ 

The  foregoing  table  exhibits  a  summaiy  of  the  resnlts  of  these  nng  trials,  thirty- 
four  in  number  (including  the  two  failures).  The  chaises  of  the  latter,  each  couBistlng 
of  4  pounds  primed  with  a  single  fuze  containing  20  grains  of  fulminating  mercury 
in  a  copper  cap,  were  recovered,  although  the  explosion  of  the  fuzes  burst  open  the 
cans,  and  the  same  material  was  again  used  in  shots  No.  684  and  No  685.  Although 
then  primed  with  3  ounces  of  loose  dynamite,  the  intensity  developed  was  anomalously 
small,  suggesting  that  possibly  an  excess  of  camphor  might  have  been  present  in  the 
single  slab  from  which  they  were  both  taken. 

A  scrutiny  of  these  datA  established  the  fact  that,  except  with  the  I -pound 
charges,  the  explosions  obtained  with  a  single  fuze  (and  with  two  fuzes  as  well  in 
shot  No.  678)  were  uniformly  qf  an  order  below  detonation,  and  they  were  accordingly 
omitted  in  the  analysis.  For  the  reason  given  above,  shots  No.  684  and  Np.  685  were 
also  thrown  out  as  anomalous.  This  left  seventeen  shots,  or  one  hundred  and  two 
gauge  records,  from  which  to  derive  the  normal  equation  of  the  explosive  when 
perfectly  detonated. 

The  first  step  in  framing  this  equation  is  to  correct  the  indicated  mean  pressures 
for  the  effect  of  the  3-ounce  primers.  This  was  done  by  computing,  with  the  gun- 
cotton  and  dynamite  formulee,  the  mean  pressure  which  would  have  been  registered 
upon  the  gauge  pins  by  charges  of  2,^,  3/t  pounds,  etc.,  of  these  explosives,  and  then 
determining  in  each  case  the  proportional  part  due  to  3  ounces.  Tliese  amounts  are 
the  following,  which,  in  preparing  the  foregoing  summary,  have  been  subtracted  from 
the  mean  pressures  actually  measured  and  reported  in  Appendix  A.  The  table,  there- 
fore, gives  the  intensity  of  action  due  to  the  explosive  gelatine  alone  without  the  primers. 

D«dnct  for  S-ponnd  charges ;  for  dynaiuite  primer,  1,(K>3  poandB ;  for  gun-cotton  primer,  962  poimdB. 
Deduct  for  3-ponDd  charges ;  for  dynamite  primer,  96.1  pounds ;  for  gnn-cotloa  primer,  MO  pounds. 
Deduct  for  4-poand  charges ;  for  dynamite  primer,  879  pounds ;  for  gun-cotton  primer,  7G7  ponods. 
Deduct  for  5-pound  charges ;  for  dynamite  primer,     81S  pounds ;  for  guu-cotton  primer,  714  pounds. 

The  seventeen  shots  thus  corrected,  when  subjected  to  the  usual  analysis,  are 
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reduced  to  6ftedn  in  number,  Nob.  682  and  693  being  rejected  by  Peirce's  Criterion, 
giving: 

K  =  73.2  ±1.14 


(34n  P-'     //6636CS  +  259)CY 

CSV)  ^-\/{    (D  +  o.(n)"-j 


The  mean  pressures'  in  the  seventh  column  of  the  foregoing  table  have  been 
computed  by  this  formula,  and  the  accordances  are  regarded  as  sufficiently  close  to 
warrant  its  provisional  adoption  when  the  charge  is  perfectly  detonated.  It  indicates 
the  relative  intensity  of  action  of  explosive  gelatine  as  compared  with  dynamite  No. 
1  to  be  1. 17  in  a  horizontal  plane,  1.13  vertically  over  the  charge,  and  1.25  vertically 
under  the  charge.  These  figures  show  that  for  use  in  sub-aqueous  explosions  the 
new  explosive  is  the  strongest  known  to  modem  science. 

The  possession  of  this  formula  renders  it  easy  to  analyze  the  partial  explosions 
caosed  by  20  grains  of  fulminating  mercury  in  a  copper  cap,  and  reported  in  the 
foregoing  table. 

To  do  this  iu  the  simplest  manner,  it  is  only  needful  to  compare  the  registered 
mean  pressures  with  the  corresponding  computed  values.  Should  these  ratios  prove 
to  be  constant  in  the  different  experiments,  the  usual  assumption  of  a  definite  "second 
order"  of  explosion  would  receive  confirmation.     Thus : 

Shot  No.  666,  chftrge  1  pound ;  full  detoufttlon.  i  Shot  No.  67S,  obarge  3  ponnda ;  0.4  detonfttioii. 

Sbot  No.  etn,  obkrge  1  poand ;  fUll  detonktlon.  Shot  No.  675,  charge  4  pounds ;  0.9  detoaation. 

Shot  Ko.  666,  charge  I  pound ;  fall  deton»t.ioii.  [  Shot  No.  676,  charge  4  pounds ;  0.7  detonation. 

Shot  No.  660,  charge  2  ponnda ;  O.B  detonation.  |  Shot  No.  — ,  charge  4  poauds ;  did  not  explode. 

Shot  No.  070,  charge  2  ponndi ;  0.7  detonation.  Shot  No.  — ,  charge  4  pounda ;  did  not  explode. 

Shot  No.  071,  charge  9  pounda ;  0.6  detonatioD.  Shot  No.  677,  charge  5  ponndB ;  0.6  detonation. 

Shot  No.  673,  charge  3  ponndi;  0.5  detonation.  j  Shot  No.  679,  charge  5  ponnda ;  0.5  detonation. 

Shot  No.  673,  charge  3  pounds ;  0.7  detonation.  Shot  No.  6U0,  charge  5  pounds ;  0.2  detonation. 

Shot  No.  674,  charges  pounda;  0.7  detonation.  Shot  No.  681,  charge  5 pounds;  0.4  detonation. 

These  results  are  confirmatory  of  the  opinion  announced  on  page  63,  that  when 
detonation  fails  there  may  be  not  one  alone  hut  several  orders  of  inferior  explosions,  dif- 
fering in  intensity,  and  probably  characterized  by  different  chemical  reactions.  They 
also  suggest  that  as  the  size  of  a  charge  imperfectly  fired  is  increased  its  order  is 
degraded — a  very  important  point  in  practice,  if  verified  by  further  experiment 

As  to  the  question  of  the  relative  merit  of  gun-cotton  and  uncompressed  dynamite 
as  a  primer  for  detonating  explosive  gelatine,  these  trials  are  not  decisive.  In  general 
the  two  substances  appear  to  be  equally  effective,  but  an  occasional  tendency  to 
partial  failure  with  dynamite  suggests  that  perhaps  the  size  of  the  primer  with  that 
explosive  should  be  increased.  Indeed,  a  mixture  of  uncompressed  dynamite  No.  1 
with  explosive  gelatine  might  be  a  useful  combination  for  buoyant  mines,  where  the 
ehaige  is  liable  to  be  thrown  about  by  the  concussion  of  the  vessel. 
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For  ground  mines  the  greater  density  of  the  explosive  g;elatine  would  permit 
the  charge  to  be  increased  in  the  ratio  of  about  S  to  3  for  a  given  space  in  the  torpedo, 
giving  a  total  increase  of  nearly  90  per  cent  in  the  intensity  of  action  exerted  upon 
a  vessel  over  the  mine. 

In  Jine  these  trials  reopen  the  question  of  the  best  explosive  for  our  submarine 
mining  service.  It  would  be  premature  to  base  a  decided  opinion  on  so  important  a 
matter  upon  these  few  experiments ;  but  it  is  evident  that  the  new  explosive  is  worthy 
of  elaborate  investigation. 

Mixed  Exploiivea.— In  rock  blasting  better  results  are  sometimes  claimed  to  be 
obtained  from  a  mechanical  mixture  of  two  different  explosives  than  irom  either  of 
them  separately.  A  few  shots  were  fired  in  the  4-foot  ring  to  determine  whether  any 
such  advantage  can  be  detected  under  water. 

The  first  charge  (shot  No.  182)  was  composed  of  4  pounds  of  dualin  and  1  pound 
of  dynamite,  fired  in  a  tin  can  submerged  35  feet,  in  water  1 08  feet  deep. 

The  proper  method  of  computing  the  normal  effect  of  this  combination  is  to  find 
by  the  dualin  formula  (equation  28)  the  value  of  P  for  a  5-pound  charge  ;  then  to 
find  the  same  by  the  dynamite  formula  (equation  21) ;  then  to  add  four-fifths  of  the 
first  value  to  one-fifth  of  the  second.     This  process  givf>s ; 

Du»lin  affect  =  i  (2*,im)  =  19, 58* 

Djuiftuite  effeot      =  i  (22,090)  =   4, 418 

Computed  (P)  24,002 

ObBerved  (P)  (mean  of  6  gauges)  23, 318 

Difference  684 

The  next  tests  were  made  with  equal  parts,  by  weight,  of  dynamite  No  1  and 
vulcan  powder  No.  1  fshots  461,  462,  and  463).  The  total  charge  was  3  pounds, 
contained  in  a  can  No.  1 ;  submergence,  35  feet;  depth  of  water,  50  feet  The  three 
observed  mean  pressures  were  13,522,  14,379,  and  13,285  pounds,  respectively,  each 
a  mean  of  six  gauges.     The  above  computation  gives : 

Dyniunite  effect  =i(l.S,710)=  7,855 

Vutcan  powder  effect  =  1(12,0-^)=   6,010 

Computed  (P)  13,865 

Observed  (P)  (mean  of  liJ  gauges)     13, 729 

Difference  136 

Since  computation  based  on  the  normal  action  of  the  explosives  so  correctly 
predicts  the  results  of  these  trials,  it  may  legitimately  be  inferred  that  no  increased 
intensity  of  action  was  developed  by  the  mixture. 

Dimiidon  of  the  FornmUe.— The  foregoing  analysis  has  demonstrated  that  the  available 
energy  of  the  several  explosive  compounds  when  fired  under  water,  and  their  intensity 
of  action  upon  bodies  subjected  to  their  influence,  may  each  be  expressed  by  one 


BXFLOSITE  COMPOUNDS.  109 

and  the  same  general  formula,  when  the  proper  value  for  the  lodiTidual  explosive  is 
assigned  to  a  single  quantity  (E).     These  general  formulse  are : 


(36) 


0.21  (S  +  E)  C 
"   (D  +  0.01)" 


f861  P-'      //663'i(S  +  E)CY' 

(36)  P-Vl-(D  +  0.01)"    ; 


Several  points  worthy  of  attention  are  suggested  by  these  formulae. 

(1.)  The  most  obvious  deduction  from  the  analysis  has  already  been  pointed  out, 
viz,  that  the  available  energy  of  the  explosive  is  directly  proportional  to  the  charge, 
and  inversely  proportional  to  the  square  of  the  distance  (nearly) ;  while  the  intensity 
of  action,  deduced  from  work  actually  performed,  is  proportional  to  the  two-thirds 
power  of  the  charge  and,  inversely,  to  the  1 .4  power  of  the  distance.  In  other  words, 
the  element  of  time  cannot  be  ignored  in  passing  from  kinetic  energy  to  actual 
mechanical  work  like  the  destruction  of  a  vessel. 

(2.)  The  absence  in  the  formulse  of  any  practically  important  function  of  the 
submergence  of  the  charge,  indicates  that  a  floating  mine  is  deep  enough  for  the 
requirements  of  the  torpedo  service  provided  it  be  planted  below  the  level  of  the  side 
plating  of  armored  ships  of  war. 

(3.)  The  great  eflfect  upon  the  numerical  value  of  P  produced  by  varying  the 
direction  of  the  line  of  action  in  vertical  planes  passing  through  the  chai^  and  vessel, 
emphasizes  the  importance  of  placing  the  former  under  the  latter  when  possible. 

(4.)  The  small  exponent  of  C  (only  §)  in  the  value  of  P  shows  that  with  a  given 
weight  of  the  explosive  many  moderate  charges  block  a  channel  more  effectually  than 
a  few  large  ones.  Thus  a  mine  containing  500  pounds  is  only  2.9  times  as  effective 
as  one  of  100  pounds. 

(5.)  These  formulse  afford  the  means  of  determining  the  relative  merit  of  different 
explosives  with  great  precision,  since  each  represents  the  generalized  result  of  many 
trials  under  varying  conditions.  Thus  denoting  by  P'  and  E',  and  P"  and  E",  the 
numerical  values  of  these  quantities  for  two  given  explosives,  we  have  : 


P'  :  P"  : 
Hence : 


1      //6636(&  +  E')CY       8      //6636(S-f  E")Cy 
\/\^    (D  +  0.01)-    )    '-   \/\    (D  +  0.01)*'    J 
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This  expression  implies,  what  is  well  known  to  be  true,  that  the  greater  the 
resistance  to  be  overcome  tlie  more  distinctly  marked  are  the  diflferences  between 
the  intensity  of  action  of  the  several  explosive  agents.  In  other  words,  the  most 
severe  test  of  their  relative  power  under  water  is  their  action  vertically  downwarf. 
As  the  work  required  of  them  in  submarine  mining,  however,  varies  from  the  hori- 
zontal plane  upward,  their  relative  horizontal  action  appears  to  be  the  true  criterion. 

Relative  strength  of  explonve  eompoundt  fired  under  water. 


B«tetlv*  intcDdtf  of  Mtlon. 


DjBUDltoNo. 
Gun-eottoD  ..- 


I>jiuunlt«  Mo.  2 

Tnlcao  powder  Ko.  1  - 
ValuD  powder  Ho.  1  . . 

Uioa  powder  Ka.1 

Hb»  powder  No.  2 

Kltro.glj'oeriiw 

HorenleiHo.  1.— 


ieMo.2... 


Electric  No.  I 

BleolTioNo.: 

DedxnoUe 

Biploaln  gelaUne. . , 


Staodud  of  ooapafino. 


This  table  is  fruitful  in  valuable  and  interesting  suggestions.  For  exanopl^,  a 
comparison  of  pure  uitro-glycerine  with  dynamite  No.  1  reveals  what,  at  first  sigK 
appears  to  be  a  paradox.  One  pound  of  pure  nitro-glycerine  has  only  81  per  cent  of 
the  intensity  of  action  of  three-fourths  of  a  pound  absorbed  by  an  inert  substance, 
which  can  add  nothing  to  the  heat  or  gases  developed  I  This  fact,  which  was  discov- 
ered early  in  these  trials  (in  1871),  was  considered  to  be  so  extraordinary  as  to  r^q'i'™ 
careful  verification  and  study. 

Among  the  explanations  which  suggested  themselves,  was  a  possible  variation '" 
the  strength  of  nitro-glycerine  itself,  depending  upon  a  difference  in  the  chemica.1  com- 
position of  different  samples.  As  already  seen,  this  was  tested  practically;  ani  sow 
as  the  experiments  went,  was  found  to  be  without  foundation.  Still,  as  the  evi^*""* 
was  only  negative,  it  was  deemed  better  to  put  the  matter  beyond  any  doubt  b^*^ 
ing,  under  identical  conditions,  nitro-glycerine  and  dynamite  No.  1  made  ther^"^"*' 
The  officers  of  the  Atlantic  Giant  Powder  Company  kindly  gave  their  assistai"***  '" 
the  matter,  by  bringing  to  Willets  Point  some  of  their  prepared  kieselguhr  imj>"^ 
firem  Europe,  and  making  the  dynamite  from  nitro-glycerine  supplied  by  me.  3 1*'' 
sonally  weighed  the  ingredients  in  the  normal  proportions,  and  immediately  fired  ^^ 
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charges  of  the  two  explosives,  in  the  4-foot  ring  submerged  35  feet  under  the  surface, 
in  water  100  feet  deep.     The  following  table  exhibits  the  results: 

Comparison  of  nitro-gtgcerine  and  dynamite  made  therii/rom. 
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Adopting  the  mean  of  the  five  shots  with  each  explosive  as  the  true  index  of  its 
intensity,  we  have  for  the  relative  strength  of  liquid  nitro-glycerino  as  compared  with 

dynamite  No.  1  in  sub-aqueous  explosions,  weight  for  weight:  ..».„.  =  0.85.     The 

above  tabular  expression  gives  for  this  ratio  081.  There  can,  therefore,  remain  no 
doubt  that  variations  in  the  quality  of  the  nitro-glycerine  have  nothing  to  do  with  the 
extraordinary  fact  under  discussion ;  and  hence,  that  the  explanation  must  be  sought 
in  the  physical  conditions  of  the  problem. 

Dynamite  No.  1  is  simply  nitro-glycerine  granulated.  With  gunpowder,  granu- 
lation promotes  intensity  of  action  by  opening  passages  for  the  initial  flame  to  pene- 
trate the  mass,  and  thus  accelerate  the  formation  of  the  gases.  Were  this  the  true 
explanation  of  the  phenomenon  in  question,  a  similar  relative  strength  between  the 
two  explosives  would  also  be  shown  in  rock  blasting — which  is  contrary  to  observation, 
as  nitro-glycerine  in  hard  rock  is  admitted  to  be  by  far  the  stronger  of  the  two. 

Let  us  suppose,  on  the  other  hand,  that  granulatitig  nitro-glycerine  by  absorbing 
it  in  kieselguhr  has  precisely  the  contrary  effect;  t.  e.,  that  the  particles  of  silica  slightly 
retard  chemical  action — as  is  not  unlikely,  since  in  detonation  the  reactions  may  occur 
within  the  molecules,  lliis  idea  appears  to  me  to  supply  the  required  explanation; 
for  the  resistance  opposed  by  water  being  of  a  slightly  yielding  character,  may  exact 
more  time  than  is  afforded  by  nitro-glycerine  pure  and  simple.  I  regard  this  as  the 
most  plausible  explanation  of  a  fact  which,  although  novel,  is  so  well  established  by 
my  experiments,  that  its  correctness  can  hardly  be  questioned. 

Referring  now  to  the  two  grades  of  mica  powder,  it  will  be  noticed  that,  as  com- 
pared with  each  other,  the  intensities  developed  are  normal;  «.  e,  they  are  directly 
proportional  to  the  charge  of  nitro-glycerine.  The  explosive,  however,  is  vastly  infe- 
rior in  intensity  to  dynamite  No.  1 ;  indeed  the  No.  2  grade  stands  at  the  foot  of  the 
list.  The  reasons  advanced  by  Mr.  Mowbraj)  for  believing  this  powder  to  be  quicker 
even  than  nitro-glycerine  itself,  have  already  been  given;  and,  since  we  have  just 
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seen  that  the  latter  is  too  quick  for  advantageous  use  m  sub-aqueous  explosions,  this 
result  is  precisely  what  is  to  be  expected  from  his  theory.  The  powder  is  so  quick  as 
to  be  unsuited  for  sub-aqueous  work. 

Dynamite  No.  2  and  vulcan  powder  differ  but  slightly  in  the  composition  of  the 
absorbent ;  and  their  relative  intensity  proves  to  be  measured  by  the  proportion  of 
nitro-glycerine  which  they  contain,  at  least  up  to  36  per  cent 

With  rendrock,  the  gain  resulting  from  increasing  the  proportion  of  nitro-glycerine 
from  20  to  40  per  cent,  is  16  per  cent.;  but  above  that  limit  the  advantage  is  slight 
In  other  words,  the  absorbent  adds  .so  much  to  the  forces  developed  by  the  explosion, 
that  40  per  cent  of  nitro-glycerine  is  as  much  as  can  economically  be  used  in  sub- 
aqueous explosions. 

Rendrock  as  supplied  to  the  trade  (40  per  cent,  of  nitro-glycerine),  is  evidently 
better  adapted  for  use  in  explosions  under  water  than  any  of  the  other  nitro-glycerine 
compositions  based  upon  gunpowder  as  the  absorbent — of  which  dynamite  No.  2  is 
the  original  type. 

The  two  grades  of  hercules  powder  are  similar  in  strength  to  those  of  dynamite; 
but  as  No.  1  contains  a  charge  of  nitro-glycerine  too  large  for  the  absorbing  power 
of  its  base,  more  trouble  from  wetting  and  freezing  is  to  be  apprehended,  and  more 
danger  from  high  temperature.  For  these  reasons  it  is  regarded  as  decidedly  inferior 
for  the  torpedo  service. 

The  strength  of  the  two  grades  of  electric  powder  is  nearly  proportional  to  their 
charges  of  nitro-glycerine;  but  the  base  apparently  adds  less  to  the  effective  power 
of  the  explosive  than  is  the  case  with  several  of  its  competitors. 

Both  of  the  picrate  powders  are  much  inferior  in  strength  to  dynamite  No.  I ;  but 
as  Brugere  powder,  the  stronger  of  the  two  for  use  under  water,  is  quite  safe  to 
handle,  it  should  decidedly  have  the  preference  over  Designolle  powder.  Indeed,  for 
sub-aqueous  explosions,  the  former  is  not  much  inferior  to  gun-cotton,  and  being 
quite  unaffected  by  frost  it  may  prove  useful  for  certain  special  purposes  in  submarine 
mining. 

Leaving  the  strongest  of  them  all,  explosive  gelatine,  out  of  consideration  as  not 
yet  sufficiently  studied,  this  tabular  comparison  of  the  several  explosives  indicates  that 
dualin,  as  supplied  for  these  tests,  ranks  first  in  intensity  of  action;  hercules  powder 
No.  1  ranks  second;  and  dynamite  No.  1  ranks  third  This  classification  refers  only 
to  explosions  under  water. 

In  selecting  the  best  explosive  for  the  torpedo  service,  normal  intensity  of  action 
is  only  one  of  many  points  to  be  considered.  Some  of  the  others  admit  of  investiga- 
tion by  experiment,  and  the  results  of  such  trials  will  now  receive  attention. 

Effect  of  Wetting  the  Charge.— This  matter  is  of  great  importance  in  submarine  mining; 
AOt  only  because  leaks  are  always  possible,  but  also  because  the  aqueous  vapor  of  the 
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air  enclosed  in  the  torpedo  is  condensed  by  submergence  in  cold  water,  and  thaa 
supplies  more  moisture  than  is  usually  imagined.  The  inside  of  a  metallic  case 
which  has  been  planted  in  warm  weather,  is  always  wet  to  the  touch,  and  sometimes 
considerable  water  is  thus  collected. 

Nitro>-glycerine  is  absolutely  unaffected  by  water — indeed,  is  usually  tamped  with 
it  when  practicable. 

The  effect  of  wetting  gun-cotton  was  discussed  wlien  deducing  the  formula  for 
that  explosive;  and  moisture  was  shown  to  exert  no  marked  influence  upon  the  intensity 
of  action  developed. 

To  test  the  matter  for  dualin,  the  following  experiments  were  made  in  May,  1872 : 

Two  shots  (Nos.  181  and  18"2)  were  fired  in  the  4-foot  ring,  submerged  35  feet  in 
water  108  feet  deep.  The  charges  for  each  of  them  were  placed  in  No.  2  cans,  within 
which  were  inserted  hermetically  closed  fuze  cans,  containing  1  pound  of  dry  dynamite 
and  a  detonating  fuze.  The  empty  space  around  the  latter  was  filled  with  4  pounds 
of  dualin — which  in  shot  No.  1 8 1  was  thoroughly  saturated  with  fresh  water,  and  in 
shot  No.  1 82  was  dry.  Result  (mean  of  six  gauge  measurements): 
Shot  181:  (dualin,  wet);  observed  P=  12,7H5. 
Shot  :82:  (dualin,  dry);  observed  P  =  23,318. 

By  an  analysis  similar  to  that  used  in  discussing  mixed  charges,  it  may  be  shown 
that  in  shot  No.  182  the  proportional  parts  of  the  observed  mean  pressure  due  to  dualin 
and  dynamite,  were  19,037  and  4,28  i,  respectively.  Hence,  the  percentage  of  loss 
occasioned  by  wetting  the  dualin  was: 

100  -  ^^^^^  =  b^  per  cent,  qf  loss. 

Continuing  the  trials  in  June,  1 8  ?  2,  shots  Nos.  1 9 1  and  1 92  were  fired  under  con- 
ditions identical  with  No.  181,  except  that  the  charge  of  dry  dynamite  was  reduced  to 
three-fourths  of  a  pound.     Result  (mean  of  six  gauges): 

Shot  No.  191 :  (dualin,  wet);  observed  P  z=  14,032. 
Shot  No.  192:  (dualin,  wet);  observed  P=  12,407. 
Applying  the  same  analysis : 

For  shot  No.  191:  100  -  ^-*'**^iy^|- -  =  4?  per  cent  of  loss. 

For  shot  No.  192:    1 00  -  ^^^^"^fg-—  =  ^^  V^^  ««°*-  **^  l''^^* 
No  further  evidence  was  considered  necessary  to  establish  that  dualin,  when  thor- 
oughly wet,  loses  at  least  one-half  of  its  normal  intensity  of  action  in  sub-aqueous 
explosions. 

It  remained  to  determine  whether  dynamite  No.  1  is  affected  in  a  similar  manner 
by  water. 

No,  23 IB 
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Four  experiments  were  made  in  the  4-foot  ring  (Nos.  185,  186,  193,  and  194) 
under  identical  conditions  with  those  just  discussed  for  duahn.  The  dry  priming 
charge  for  the  first  two  was  1  pound  of  dynamite  No.  1,  and  for  the  last  two  three- 
fourths  of  a  pound.  The  whole  charge  in  No.  186  was  dry;  but  it  was  loaded  in  a 
double  case  in  the  same  manner  as  the  others,  to  serve  as  a  basis  for  exact  comparison. 
Results : 

Shot  No.  185:  (dynamite,  wet);  observed  P  =  20,S06. 

Shot  No.  186  :  (dynamite,  dry) ;  observed  P  =  22,469. 

Shot  No.  193:  (dynamite,  wet)  ;  observed  P=  19,750. 

Shot  No.  194 :  (dynamite,  wet) ;  observed  P=  19,809. 
Applying  the  same  method  of  analysis  as  for  dualin : 

For  shot  No.  1«5  :  100—    -'----^-^ =  5  per  cent  of  loss. 

For  shot  No.  193  :  100-^^'^^^":^'^'^^=  7  per  cent  of  loss. 
For  shot  No.  1 94 :  1 00  -  ^^'^^^  ~  ^'^^^^  =  7  per  cent,  of  loss. 

These  figures  show  that  when  saturated  a  charge  of  dynamite  No.  I  fired  under 
water  loses  only  about  6  per  cent,  of  its  normal  intensity  of  action,  or  but  little  more 
than  appears  to  be  the  case  with  gun-cotton. 

It  will  be  noticed  that  these  trials  were  terminated  before  the  discovery  that  wet 
gun-cotton  could  be  detonated  was  made  public  in  England.  This  fact  was  firat 
ascertained  by  Mr.  Brown,  chemist  at  the  War  Office,  in  the  latter  part  of  1872. 

In  this  connection  if  may  be  well  to  state  that  while  a  compacted  cartridge  of 
dynamite  No.  1  immersed  in  water  soon  loses  a  large  part  of  its  nitro-glycerine  by 
exudation,  this  is  not  true  when  the  powder  is  used  loose,  as  must  always  be  the 
case  in  submarine  mining  to  insure  detonation  when  frozen.  In  this  state  nitro-glyce- 
rine remains  distributed  through  the  mass  even 'if  wetted. 

It  was  unnecessary  to  extend  these  water  tests  to  the  other  explosives;  since, 
except  for  mica  powder,  their  absorbents  are  all  more  or  less  soluble,  and  hence  must 
totally  change  their  composition  if  wetted.  Mica  powder,  as  already  seen,  is  quite 
unfit  for  the  torpedo  service. 

Eflbot  of  Froesmgr  the  Char^.— Frost  is  well  known  to  have  no  effect  upon  dry  gun- 
cotton;  but,  if  wet,  a  mechanical  disintegration  of  the  discs  is  sometimes  caused  by 
the  expansion  of  the  water. 

Nitro-glycerine  in  a  liquid  form  is  rendered  almost  or  quite  inezplosive  by  con- 
gelation ;  and,  as  its  freezing  point  is  much  above  that  of  water,  this  fact  alone  would 
be  sufficient  to  condemn  it  for  the  torpedo  service.  For  this  reason  any  nitro-glycerine 
compound  which  appears  suitable  in  other  respects  for  submarine  mining,  before  adop- 
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tion,  should  be  thoroughly  tested  as  to  the  effect  produced  upon  it  by  cold.  This  has 
been  done  with  dualin  and  dynamite  No.  1. 

Dualin  required  no  extended  trials,  for  it  was  generally  reported  and  believed  to 
be  peculiarly  liable  to  accidental  explosion  in  a  frozen  state,  and  even  to  become  dan- 
gerous in  that  condition. 

In  Januaiy,  1872,  half  a  dozen  dualin  cartridges,  some  loosely  and  some  closely 
packed  in  paper,  were  tested  with  fuzes  containing  about  15  grains  of  fulminating 
mercury  inclosed  in  copper  caps.  The  samples  were  exposed  for  twenty-four  hours 
to  a  temperature  of  10°  Fahr.,  but  all  readily  detonated.  Other  samples  exposed  in 
paper  boxes  did  the  same  without  a  single  failure.  In  January,  1873,  a  charge  of  2 
pounds  of  dualin,  thoroughly  frozen,  was  placed  in  a  can  No.  1  and  suspended  3  feet 
below  the  surface  of  ice,  from  8  to  9  inches  thick.  A  fuze,  primed  as  before,  caused 
it  to  explode  and  blow  out  a  crater  of  precisely  normal  diameter.  These  facts,  with 
other  similar  results,  are  cmisidered  conclusive  as  to  the  detonating  of  frozen  dualin. 
In  no  single  instance  did  a  failure  to  explode — apparently  with  full  effect— occur. 

With  dynamite  No.  1  more  extended  investigation  was  needed;  for  the  com- 
pound was  generally  believed  to  be  inexplosive  imder  the  action  of  the  ordinary  fuze 
when  frozen.  The  advertisement  of  the  Oiant  Powder  Company  announced  this  to 
be  the  case,  and  common  experience  in  practical  blasting  confirmed  the  statement  It 
was  regarded  as  necessary  to  thaw  the  powder  before  placing  it  in  the  holes. 

My  first  experiments  were  made  in  January,  1872.  In  making  them  the  fact  tliat 
the  substance  is  a  very  poor  conductor  of  heat  was  borne  in  mind,  and  in  every  case 
a  long  exposure  to  severe  cold  was  regarded  as  essential  to  determinate  results.  It  was 
also  self-evident  that  the  larger  the  surface  exposed  to  the  flame  and  shock  of  the 
fuze,  the  more  likely  would  be  the  charge  to  detonate.  Hence,  I  reasoned  that  the 
powder  should  be  tested  in  a  loose  condition,  rather  than  in  the  compacted  state  in 
which  it  is  put  upon  the  market. 

Acting  on  these  views  some  half  pound  charges,  both  loose  and  competed  into 
cartridges,  were  prepared  and  exposed  for  twenty-four  hours  to  a  temperature  of  10° 
Fahr.  Fuzes  primed  with  15  grains  of  fulminating  mercury  in  copper  caps  were 
employed.     In  every  case  the  loose  powder  exploded  and  the  compacted  cartridges  failed. 

Some  compacted  cartridges,  were  next  tried  with  the  fuzes  inserted  in  holes 
prepared  before  freezing,  the  whole  lashed  strongly  with  twine.  The  effect  was  to 
pulverize  but  not  explode  the  material. 

An  ounce  of  soft  dynamite  was  next  detonated  in  contact  with  a  frozen  com- 
pacted cartridge,  but  failed  to  explode  it. 

Blocks  of  wood  were  next  bored  to  a  diameter  of  IJ  inches  a^id  charged,  some 
with  the  dynamite  solidly  rammed  and  others  with  loose  powder.  Holes  for  receiving 
the  fuzes  were  prepared,  and  the  samples  were  solidly  frozen.  In  every  case  the 
compacted  dynamite  faJled  and  the  loose  powder  exploded. 
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In  the  following  winter  ( 1 873)  the  tests  were  continued,  and  an  attempt  was  made 
to  compare  the  explosive  force  of  loose  dynamite,  frozen  and  soft. 

Two  pounds  of  dynamite  No.  1  was  placed  loosely  in  a  glass  bottle  with  a  hole 
prepared  for  a  fuze  of  the  usual  kind.  This  bottle  was  then  exposed  for  thirty-six 
hours  to  a  temperature  but  little  above  zero,  Fahr. ;  the  fuze  was  inserted  and  the  bottle 
was  closed.  It  was  then  suspended  under  ice  and  exploded,  causing  a  crater  12.8  feet 
in  diameter.  A  precisely  similar  charge  of  soft  dynamite,  under  identical  circum- 
stances as  to  thickness  of  ice  (!)  inches),  submergence  (3  feet),  and  depth  of  water 
(13.5  feet),  caused  a  crater  13.4  feet  in  diameter. 

In  February,  1875,  a  frozen  can,  chai-ged  with  1  pound  of  loose  dynamite,  was 
slung  in  a  hole  through  ice  1 1  inches  thick,  and  left  in  position  for  seven  days  of 
very  severe  weather.  It  was  then  exploded  without  difficulty,  giving  a  normal  crater 
of  12.2  feet  in  diameter,  the  submergence  being  3.  i  feet,  the  depth  of  water  12  feet 

On  October  29,  1874,  a  buoyant  torpedo,  charged  with  100  pounds  of  dynamite, 
was  planted  in  32  feet  of  water.  On  January  23,  1875,  it  failed  to  explode.  As 
soon  as  the  ice  permitted  it  was  raised,  and  the  reason  was  discovered.  The  fuze 
(20  grains)  had  been  improperly  placed  at  the  very  top  of  the  fuze  can,  about  an  inch 
above  the  surface  of  the  dynamite,  and  had  exploded  wiriiout  firing  the  charge.  The 
latter,  still  frozen,  was  not  compacted,  and  a  new  fuze  properly  placed  produced  an 
explosion  on  the  first  trial.  This  is  the  only  failure  to  explode  frozen  dynamite  when 
in  a  loose  state  which  has  occuired  in  all  my  experience,  and  it  should  be  attributed 
solely  to  the  fault  in  loading.  The  fuze  must  be  in  contact  with  the  explosive  to  be 
certain  to  ignite  it,  especially  if  frozen.  In  this  instance  the  fuze  tore  a  hole  in  the  top 
of  the  can,  but  the  shock  was  still  insufficient  to  fire  the  charge. 

On  November  3,  187  ,  a  leaky  ground  torpedo,  containing  187  pounds  of  loose 
dynamite  No.  1,  was  planted  in  22  feet  of  water.  A  fuze,  containing  20  grains  of 
fulminating  mercury  in  a  copper  cap,  was  placed  in  a  water-tight  tin  can  charged  with 
1  pound  of  loose  dynamite  No.  1 ,  and  the  whole  was  bedded  in  the  large  charge.  It 
remained  in  position  unlil  April  5,  1876,  when  the  torpedo  was  exploded  with  full 
eflfect,  the  temperature  of  the  water  being  still  40°  Fahr.  (or  below  the  freezing  point 
of  nitro-glycerine).     The  dynamite  must  have  been  both  wet  and  congealed. 

On  January  13,  1881,  a  ground  mine,  charged  with  ICO  pounds  of  loose  dynamite 
No.  1,  and  lying  in  the  channel  untouched  since  November  15,  1878,  was  fired  without 
difficulty  under  thick  ice. 

In  fine,  at  any  temperature  to  which  our  submarine  mines  will  be  exposed,  I 
consider  that  two  service  fuzes  will  certainly  detonate  our  dynamite  if  in  a  loose  state. 
Its  high  freezing  point  is  a  disadvantage,  chiefly  because  when  hardened  and  caked 
by -frost  it  is  not  convenient  for  loading. 

Blbotof  Long  Storage.— The  explosives  at  Willets  Point  are  stored  in  the  magazines 
of  the  fort,  where  during  the  winter  the  temperature  falls  sufSciently  to  ireeze  nitro- 
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glycerine  compounds.  To  determine'  whether  any  deterioration  is  caused  by  this 
action,  and,  incidentally,  to  compare  dynamite  No.  1  received  at  different  dates,  the 
following  shots  were  fired  in  August,  1876. 

Three  lots  were  tested  under  identical  bircumstances — one  received  from  the 
California  Giant  Powder  Company  in  1871,  sent  by  rail  across  the  continent;  one 
received  froto  the  Atlantic  Giant  Powder  Company  in  I«73;  and  one  just  received 
from  the  same  company  in  1876.  The  charges  were  each  .'i  pounds,  contained  in  cans 
No.  1.  They  were  fired  in  the  4-foot  ring,  submerged  35  feet  in  water  6.i  feet  deep. 
The  following  table  exhibits  the  results  of  the  comparison,  the  mean  pressure  called 
for  by  the  formula  (equation  21)  being  15,710  pounds  per  square  inch :  ■ 
Dsnamite  No.  1. — Effect*  of  storage. 


No.of^L 

LWoflBTl. 
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(06 

1M 

Fntndf. 
18.018 
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Hun 
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JO,M« 

is,i«a 

IMM 

10.TB7 

lS,B7a 

These  figures  certainly  exhibit  no  evidence  of  deterioration  after  a  storage  of  five 
years,  the  powder  being  exposed  to  alternate  freezing  and  thawing,  and  they  confirm 
the  opinion,  formed  upon  other  grounds,  that  none  is  to  be  apprehended  with  the  article 
supplied  by  these  companies. 

Air  Spaoa  in  Torpedo.— As  already  stated  (p.  40),  the  tin  cans  used  in  these  experi- 
ments were  made  of  regular  sizes,  having  a  capacity  for  loose  dynamite  of  1,  3,  10, 
20,  and  50  pounds,  respectively. 

As  a  rule,  the  smallest  can  which  would  contain  the  given  charge  was  selected; 
but  a  few  shots  were  fired  to  determine  the  limits  beyond  which  the  void  space  could 
not  be  increased  without  reducing  the  intensity  of  action  upon  the  gauges.  The  fol- 
lowing table  exhibits  the  results  for  a  void  space  having  about  three  times  the  volume 

of  the  charge : 

Three-pound  charges  in  four-foot  ring. 


C*i«No.l. 
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1 

US 
IM 
»T 

m 
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Do 

Do 
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It  18  evident  from  these  figures  that  a  void  not  exceeding  three  times  the  volume 
of  the  charge  has  no  sensible  effect  on  the  intensity  of  action  developed  under  water 
by  explosive  compounds.     The  influence  of  a  still  larger  air  space  was  next  tested. 
Dynamite  No.  1. — Eight-pound  charget  in  eight-foot  ring. 
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Here  a  marked  loss  of  intensity  is  apparent.  The  safe  limit  of  void  space  for 
small  charges  fired  under  water  lies,  therefore,  between  three  and  five  times  that  of 
the  charge. 

It  would  appear  altogether  probable  that  as  the  size  of  the  charge  is  increased 
this  limit  increases  also,  and  hence  that  the  void  space  necessary  to  give  the  requisite 
flotation  to  buoyant  torpedoes  does  not  lessen  their  destructive  power.  For  ordinary 
mines  of  this  character  the  void  space  is  usually  between  two  and  three  times  that 
occupied  by  the  charge. 

A  few  experiments  were  made  to  ascertain  whether  an  air  space  has  a  directive 
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influence  upon  the  blast,  as  was  shown  to  be  the  case  with  explosive  mixtures,  but  i 
such  effect  could  be  detected.  The  excessive  quickness  of  the  gas  generation  preven 
any  such  tendency. 

Xateml  betwoen  the  Chargre  and  the  Wat«r.— Although  an  air  cushion  between  tl 
charge  and  the  substance  of  which  the  torpedo  is  made  causes,  within  certain  limit 
no  loss  of  intensity  of  action  in  sub-aqueous  explosions,  it  by  no  means  follows  th 
the  gas  strikes  the  water  with  the  same  kinetic  energy  whatever  be  the  nature  of  t!; 
interposed  substance.  The  first  transformation  into  mechanical  work  occurs  in  i 
pulverization ;  and  the  total  amount  of  energy  thus  absorbed  must  be  deducted  fro 
that  effective  in  giving  the  initial  blow  to  the  water,  to  be  transmitted  through  it 
the  vessel.  Experiment  confirms  these  views,  and  shows  that  the  loss  in  practice 
very  great  if  a  thick,  yielding  material  like  wood  be  interposed. 

There  are  available  for  this  investigation  32  special  shots  with  gun-cotton, 
with  dualin,  and  8  with  dynamite  No.  1  ;  some  fired  in  wooden  boxes  1  inch  thic 
some  in  wooden  boxes  2  inches  thick,  and  some  in  rubber  bags.     Those  with  gu 
cotton  will  first  be  considered. 

These  32  shots  varied  among  themselves  in  respect  to  ring,  charge,  etc.,  and 
order  to  make  the  comparison  as  comprehensive  as  possible  it  was  deemed  expedie 
to  generalize  them  by  deducing  for  each  kind  of  case  an  independent' value  of  '. 
The  conclusions  being  thus  based  on  the  whole  data  would  be  more  precise  than 
only  the  few  shots  fired  under  identical  circumstances  were  selected  for  compariso 
The  tables  render  it  easy  for  any  one  to  apply  the  latter  test  if  desired. 

The  method  of  deducing  these  values  of  K  was  the  same  already  used  for  t 
shots  fired  in  thin  cases.  No  observations  were  rejected  by  Peirce's  Criterion,  ai 
the  resulting  values  of  K  were : 

GUN-COTTON. 

Two-inch  wooden  cases  (24  shots),  K  =  28.64  ±  \.'i3 
One-inch  wooden  cases  (6  shots),  K  =  37.55  ±  0  72 
Thin  cases  (equation  (23)  ),  K  =  47.28  ±  0.fi5 

Rubber  bags  (2  shots),  K  =  53.30  ±  2.04 

Using  the  same  analysis  as  in  comparing  the  different  explosives  among  thei 

selves,  these  figures  give  for  the  relative  intensity  registered  o'n  the  gauges  in  t 

horizontal  plane  containing  the  charge  : 

OUN-COTTON. 

Two-inch  wooden  cases,  E  =    46.  Relative  intensity  =    60 

One-inch  wooden  cases,  E  =    89.  Relative  intensity  =    80 

Thin  cases,  E  z=  135.  Relative  intensity  =  100 

Rubber  bags,  E  =  1 64.  Relative  intensity  =  113 
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The  data  with  dualin  (2  shots  in  1-inch,  and  8  shots  in  2-inch  boxes)  are  insuffi- 
cient to  allow  a  distinction  to  be  made  between  the  two  kinds  of  case.  With  dynamite, 
only  2-inch  boxes  were  used.     Applying  the  same  analysis  as  above : 

DUALIN. 
Wooden  cases  (mostly  2-incli),  K  =  35.83  ±  1.63.  E=    81.  Relative  intensity  =    53 
Thin  cases  (equation  (26)  ),      K  =  67.70  d=  '.08.  E  =  232.  Relative  intensity  =  100 

DYN&HITE    NO.    1. 

Two-inch  wooden  cases,         K  rr  32.32  ±  1-96-     E=    64.     Relative  intensity  =    45 

Thin  cases  (equation  (16)  ),  K  =  58.00  E  =  186.     Relative  intensity  =  100 

Rubber  bags,  K  =  69.01  ±  2.38.    E  =  239.     Relative  intensity  =  1 19 

From  these  figures  it  appears  that  small  charges  of  these  explosives,  if  fired  under 

water,  lose  or  gain  according  to  the  kind  of  envelope  selected  to  contain  them,  the 

following  percentage  of  the  normal  intensity  they  develop  in  thin  cases: 

f  Gun-cotton  loses  40  per  cent. 

Wooden  cases,  2  inches  thick,  i  Dualin  loses  47  per  cent. 

[  Dynamite  loses  55  per  cent 

Wooden  cases,  I  inch  thick,  gun-cotton  loses  20  per  cent. 

„  .,      ,         (Gun-cotton  gains  13  per  cent. 
Rubber  bags,  J  .       ^.      ,„    *^ 

(  Dynamite  gams  19  per  cent 

These  striking  and  important  results  of  the  analysis  prove  that  the  material  of 
which  a  torpedo  case  for  explosive  compounds  is  made  is  an  important  matter.  Any 
soft  substance,  like  wood,  deadens  the  shock  upon  the  water  in  the  same  manner  as 
if  interposed  between  a  hammer  and  anvil  it  would  lessen  the  blow  upon  the  latter. 
As  already  stated,  such  envelopes  rise  to  the  surface  after  the  explosion  in  a  form  like 
match  wood  or  sawdust,  proving  to  the  eye  that  immense  energy  has  been  expended 
in  useless  work. 

The  practical  mistake  of  employing  a  weak  iron  receptacle  for  the  charge,  and 
enclosing  it  in  a  wooden  jacket  to  give  increased  flotation  and  to  serve  as  a  buffer 
against  the  blows  of  vessels,  is  thus  cleitrly  shown.  It  is  true  that  the  percentage  of 
reduction  is  probably  much  more  for  small  than  for  large  charges,  but  even  with  the 
latter  the  substance  between  the  explosive  and  the  water  should  be  as  thin  as  possible, 
in  order  to  utilize  the  full  intensity  of  the  chemical  reaction. 

The  following  table  exhibits  the  data  used  in  this  discussion,  with  the  degree  of 
accordance  between  the  measurements  and  the  formulae  constructed  by  substituting, 
for  each  kind  of  case,  the  above  values  of  E  in  the  general  formula  for  explosive  com- 
pounds, equation  (36).  Although  some  discrepancies  naturally  occur  in  an  analysis 
based  on  the  assumption  that  similar  wooden  boxes  offer  equal  resistances,  the  table 
supplies  ample  evidence  of  the  correctness  of  the  foregoing  conclusions : 
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Sympathetie  Xzplotion  of  Hsighbering  KiiiM. — 'Fhe  fact  that  explosive  compouiidst  vmder 
certain  conditions,  are  liable  to  be  fired  by  the  shock  or  vibration  caused  by  an 
explosion  in  their  vicinity  has  long  been  known,  and  many  experiments  have  l>een 
made  by  Professor  Abel  and  others  to  throw  light  upon  these  conditions. 

At  the  great  explosion  at  Hallett's  Point,  General  Newton  desired  to  make  txs^  Qf 
this  principle  in  order  to  diminish  the  number  of  simultaneous  ignitions  to  be  ^S^oted 
by  electricity ;  and  the  following  interesting  experiments  were  conducted  hy  jjg 
assistant,  Capt.  James  Mercur,  Corps  of  Engineers,  in  September,  1876. 

The  explosive  was  dynamite  No.  1,  in  the  form  of  compacted  cartridges.  'Xle 
charges  were  suspended  from  a  horizontal  iron  bar  by  pine  sticks,  placed  at  kuo^rn 
distances  apart.  The  bar  was  suspended  at  known  depths  by  buoys.  The  initial 
explosion  was  eflFected  by  a  fulminating  mercury  fuze ;  and  if  the  second  charg'e  -was 
exploded  by  the  shock,  it  "broomed"  the  end  of  its  pine  stick  in  a  manner  easily  to 
be  recognized  In  some  of  the  experiments  in  which  the  second  charge  failed  to 
explode,  the  case  was  broken  and  the  nitro-glycerine  was  found  to  be  leaking  from  the 
dynamite  when  the  cartridge  was  recovered.  The  following  are  the  results  o€  these 
experiments,  the  value  of  P,  computed  by  equation  (21),  being  added  for  comparison: 
SalletVa  Point  experiments  upon  tympathetic  explosions. 
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These  experiments  prove,  what  might  naturally  be  inferred,  that  the  nature  ^       ^ 
substance  intervening  between  the  water  and  the  dynamite  exercises  an  imp*' 
influence  upon  the  tendency  of  the  latter  to  sympathetic  explosion. 

My  attention  was  first  drawn  to  this  subject,  as  a  matter  of  practical  impo'^^'^ 
in  submarine  mining,  by  the  rumors  current  in  European  journals,  in  1874,  th»*^  '" 
certain  experiments  made  by  the  Swedish  Government  a  torpedo  charged  wii^  ^ 
pounds  of  dynamite  had  ignited  by  sympathy  two  similar  charges,  each  planted  ^^ 
feet  from  it  and  unconnected  with  it  or  with  each  other.  All  three  charges  were  »*"' 
to  have  been  suspended  10  feet  below  the  water  surface.  The  mean  pressure  exerted 
by  150  pounds  at  200  feet  would,  by  my  formula,  be  254  pounds  per  square  inch 

The  nature  of  the  torpedo  case  was  not  reported,  nor  the  state  of  the  dynanuiis; 
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whether  compacted  or  in  loose  powder;  but  the  knowledge  that  Sweden  had  for 
adopted  glass  as  a  material  (until  it  was  found  to  be  ruptured  at  a  distance  r 
feet  by  a  charge  of  1 5  pounds  of  gun-cotton  or  dynamite  submerged  8  feet),  ar 
then  experimented  with  very  thin  brass  and  iron  cases,  led  me  to  suspect  th 
cases  in  this  experiment  might  have  been  exceptionally  weak ;  also  that  dyi 
in  compacted  cartridges  might  have  been  used,  which  is  not  done  in  our  service 

To  test  the  matter  in  the  most  severe  manner  for  our  materials,  I  detonat 
October  30,  1874,  a  charge  of  100  pounds  of  dynamite  No.  1  at  a  horizontal  dii 
of  50  feet  from  a  torpedo  of  the  pattern  of  1872  (wrought-iron  one-eighth  of  ai 
thick),  also  charged  with  100  pounds  of  the  same  dynamite.  Both  torpedoes  flo 
feet  above  the  bottom,  in  water  32  feet  deep.  The  case  was  corrugated,  but  not  b 
by  the  shock,  and  no  sympathetic  explosion  occurred.  The  mean  pressure  1 
formula  was  I,;i48  pounds. 

To  try  the  effect  of  crushing  the  case,  I  fired,  on  September  6, 1877,  200  p 
of  dynamite  No.  1,  contained  in  a  ground  torpedo  (model  1873-A),  with  a  s 
torpedo  of  the  same  pattern,  and  containing  the  same  charge,  at  a  distance  of  8 
Tlie  depth  of  water  was  1 9  feet  That  the  case  was  crushed  was  made  certain  1 
crushing  of  a  third  torpedo  of  the  same  kind  planted,  without  a  charge,  at  the 
distance  in  another  direction.  In  this  experiment  the  second  charge  exploded,  w. 
by  the  vibration  acting  upon  it  directly  through  the  water,  or  by  the  impact  of 
ments  of  the  broken  iron,  cannot  of  course  be  known.  The  mean  pressure  by  eq' 
(21)  was  1,109  pounds. 

Several  other  experiments,  made  from  time  to  time,  have  suggested  the  cone 
that,  unless  the  case  he  ruptured,  dynamite  No.  1  in  loose  powder  is  not  lial 
sympathetic  explosion,  even  at  distances  much  less  than  is  proposed  for  the  tc 
service.     Such  are  the  following : 

A  charge  of  200  pounds  of  dynamite  No.  1  was  fired  in  a  ground  torpe 
water  20  feet  deep.  At  horizontal  distances  of  20,  40,  60,  80,  100,  and  120  fee 
resting  on  the  bottom,  were  placed  "  detonators,"  so  called.  They  consisted  of 
iron  hollow  spheres  1.25  inches  thick,  each  just  filled  with  is  pounds  of  loose  dyi 
and  hermetically  closed.  Although  the  explosion  subjected  them,  respectively,  to 
pressures  of  7,718,  2,925,  1,658,  1,109,  818,  and  C28  pounds  per  square  inch, 
were  broken  or  exploded  by  the  shock. 

This  experiment  was  repeated  under  the  same  conditions,  except  that  the 
nators  were  suspended  in  wooden  crows'  feet,  so  as  to  hang  just  clear  of  the  hi 
at  distances  of  30,  40,  60,  80,  100,  and  120  feet,  thus  receiving  mean  pressu 
4,376,  2,92.'t,  l,fi58,  1,109,  818,  and  628  pounds  per  square  inch,  respectively, 
were  broken  or  exploded. 

On  another  occasion  a  charge  of  500  pounds  of  dynamite  was  exploded 
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feet  of  water,  submerged  13  feet  below  the  surface.  At  a  horizontal  distance  of  40 
feet  a  detonator  filled  with  8  pounds  of  dynamite  in  loose  powder  was  supported  just 
above  the  bottom.  It  was  unaffected  by  the  shock,  although  subjected  to  a  mean 
pressure  of  5,150  pounds  per  square  inch.  Fuze  cans  of  stout  tin,  each  containing  1 
pound  of  dynamite  in  loose  powder,  were  suspended  1  foot  below  the  surface,  at  the 
following  horizontal  distances  from  the  great  charge:  79,  94,  107,  110,  123,  and  132 
feet.  Although  subjected,  respectively,  to  mean  pressures  of  2,087,  1,640,  1,368, 
1,317,  1,126,  and  1,021  pounds  per  square  inch,  none  of  them  were  exploded.  The 
two  nearest  were  much  conjugated,  the  one  at  79  feet  being  cinished  inward  but  not 
broken  open. 

These  trials  led  me  to  believe  that  no  danger  of  sympathetic  explosion  need  be 
apprehended  with  our  dynamite  and  our  patterns  of  submarine  mines. 

Some  English  results  obtained  in  the  Oberon  trials  suggest  the  same  conclusion 
both  for  wet  gun-cotton  and  for  dynamite.  In  connection  with  the  fourth  experiment, 
a  secondary  charge  of  100  pounds  of  Waltliam  Abbey  disc  gun-cotton  saturated  with 
about  30  per  cent,  of  pure  water,  was  placed  in  a  service  mine  case  on  the  bottom  at 
120  feet  from  the  great  mine  containing  500  pounds  of  gun-cotton  submerged  48 
feet.  Another  secondary  charge,  consisting  of  50  pounds  of  gun-cotton,  was  secured 
in  a  piece  of  netting  and  placed  at  the  same  distance  also  on  the  bottom.  Neither 
were  ignited  by  the  explosion.  At  the  fifth  experiment  three  secondary  charges  were 
placed  at  100  feet  from  the  great  mine,  which  contained  500  pounds  of  gun-cotton 
submerged  48  feet  in  water  66  feet  deep.  These  secondary  charges  consisted  of:  (1) 
50  pounds  of  Abel  gun-cotton  in  a  net;  (2)  50  pounds  of  the  same,  wetted  and 
enclosed  in  an  iron  case  made  for  a  100-pound  charge,  the  interspace  being  packed 
with  wood ;  (3)  two  charges  of  dynamite,  each  of  25  pounds  in  a  tin  case.  They 
were  all  suspended  1 0  feet  below  th6  surface,  and  none  exploded  when  the  great  mine 
was  fired. 

After  so  much  direct  evidence,  all  opposed  to  the  rumored  Swedish  results  of  which 
but  few  details  had  been  made  public,  it  appeared  to  be  the  part  of  wisdom  to  ignore 
them  entirely.  They  were  probably  caused  by  some  special  conditions  which  would 
not  be  repeated  in  our  service. 

Nevertheless,  the  matter  is  so  vitally  important,  and  reasoning  based  on  isolated 
facts  not  connected  by  known  physical  laws,  is  so  unsatisfactory,  that  in  the  summer 
of  1879  a  special  seiies  of  experiments  were  undertaken,  to  throw,  if  possible,  more 
light  upon  the  phenomenon. 

The  plan  devised  for  the  Hallett's  Point  experiments  commended  itself  by  its  sim- 
plicity, and  by  the  valuable  results  it  had  already  afforded ;  and  the  next  step  seemed 
to  be  to  extend  the  investigation,  so  as  (1)  to  develope  the  mathematical  law  connecting 
the  size  of  the  primary  charge  with  its  maximum  exploding  range;  (2)  to  discover  the 
influence  exerted  upon  this  range  by  varying,  more  systematically,  the  nature  of  the 
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eaae  containing  tlie  secondary  charge ;  and  (3)  to  test  the  effect  of  varying  the  density 
of  the  dynamite. 

A  slab  of  wrought-iron,  21  feet  by  6  inches  by  0.5  inches,  was  supported  by  two 
chains  rising  to  a  central  ring  in  such  a  manner  as  to  be  readily  shing,  in  a  horizontal 
position  about  3  feet  below  the  water  surface,  from  a  crane  on  the  end  of  a  wharf  at 
Willets  Point.  Four  pressure  gauges,  of  the  pattern  adopted  in  these  investigations, 
were  secured  to  this  slab,  about  4  feet  apart,  pointing  downward  and  towards  one  of 
its  ends.  At  this  end  a  pine  stick  was  attached,  extending  downward  so  that  the 
primary  charge  could  be  lashed  at  a  uniform  depth  of  5  feet  below  the  water  surface. 
A  similar  stick,  to  receive  the  secondary  charge,  was  lashed  at  any  selected  point  of 
the  slab,  the  depth  of  submergence  being  in  every  case  ft  feet  The  original  object 
of  the  gauges  was  to  measure  the  energy  developed  by  the  explosions ;  but  it  was  soon 
found  that  the  shock  transmitted  through  the  stick  and  slab  was  sufficient  to  vitiate 
the  results.  As,  however,  they  supplied  a  simple  method  of  deciding  with  certainty 
whether  the  secondary  charge  had  exploded  or  not,  they  were  continued  in  use. 

Forty-eight  shots  were  fired  with  this  apparatus,  numbered  ."ifiS  to  fil5,  inclusive; 
and  thirteen  others  were  subsequently  fired  in  like  manner,  but  without  gauges.  These 
trials  comprise  experiments  in  which  the  secondary  charge  was  inclosed  in  oiled  paper; 
in  three  varieties  of  glass,  viz,  stout  bottles  from  0.1  to  0.2  inches  thick,  thin  prescrip- 
tion vials  alK>ut  0.04  inches  thick,  and  very  thin  cylindrical  jars  about  2  inches  in  diam- 
eter with  wide  mouths  closed  by  cork  discs;  in  unsoldered  baking-powder  cans  of 
thin  (coke)  tin ;  in  small  jiine  boxes  1  inch  thick ;  and  in  stout,  strongly  brazed  brass 
cans  one-eighth  of  an  inch  thick  (cai)acity  about  l,h  pounds.  In  most  of  these  envel- 
opes dynamite  No.  1  was  tested  in  two  series  of  trials — In  one  compacted  to  the 
density  of  an  ordinary  cartridge  (specific  gravity  about  1.4),  and  in  the  other  in  the 
form  of  loose  powder. 

The  immediate  object  proposed  was  to  ascertain  as  nearly  as  possible  the  maximum 
distance  at  which  primary  charges,  consisting  of  I ,  J,  and  \  ]>ounds  respectively,  would 
explode  the  secondary  charges.  The  distance  between  these  two  charges  being  in 
every  case  carefully  measured  before  the  ajijjaratus  was  submerged,  the  results  of  the 
trials  showed  that  the  sympathetic  influence,  whatever  it  may  be,  is  very  uniform;  and 
tliat  its  range  may  be  fixed  with  certainty  within  a  few  inches,  even  when  extending 
to  20  feet  The  following  table  exhibits  a  summary  of  these  experiments,  the  dis- 
tances at  whicli  the  secondary  charges  exploded  being  printed  in  full-faced  type,  and 
those  at  which  they  failed  in  Roman  type : 


126 


SXTB-AQXrEOUS  EXPLOStOSS. 


Summary  of  tjpnpathetic  explotumi. 
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To  extend  thesetrialstostillBtrongerenvelopes,  usewasmadeof  the  "detonators" 
which  had  already  been  employed  in  previous  trials.  They  consisted  of  cast-iron 
shells  1  i  inches  thick,  spherical  in  shape  and  prepared  to  contain  8  pounds  of  dynamite 
in  loose  powder.  So  large  charges  could  not  safely  be  exploded  near  the  wharf,  and 
they  were  accordingly  suspended,  14  feet  below  the  water  surface,  under  a  strong 
frame  of  10-inch  timber,  having  a  clear  space  10  by  11  feet  in  the  middle. 

The  detonators  were  filled  with  compacted  dynamite,  giving  a  charge  of  11-5 
pounds.  The  primary  charge  consisted  of  1  pound  of  dynamite  contained  in  a  stout 
tin  fuze  can  of  the  pattern  usually  employed  in  these  investigations.  The  depth  of 
water  was  49  feet.  Explosions  were  had  at  the  following  distances,  in  no  case  caus- 
ing a  sympathetic  explosion  of  the  detonators,  viz:  5.8,  4.8,  2.9,  1.7,  and  0.5  feet  Even 
the  last  was  not  sufficient  to  crush  the  strong  iron  case. 

Finally,  the  primary  charge  was  lashed  in  absolute  contact  with  the  detonator, 
and  caused  iU  explosion ;  and  the  same  result  was  obtained  when  the  latter  was  charged 
with  8  pounds  of  loose  dynamite,  exactly  filling  the  void. 

The  following  experiments  had  been  made  previously  with  these  detonators  in  air. 
They  were  laid  on  a  solid  rock,  and  half  a  pound  of  dynamite  in  a  cloth  bag  was 
placed  on  top,  without  tamping,  and  fired  with  a  detonating  electrical  fuze.  The  effect 
when  the  charge  was  loose  was  simply  to  crack  open  the  shell  like  a  melon,  enabling 
the  charge  (8  pounds)  to  be  recovered  quite  uninjured.     This  was  repeated  five  times 
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with  the  same  result,  the  only  variation  being  that  occasionally  a  second  explosion  c 
2  ounces  was  necessary  to  cause  the  cracked  shell  to  fall  apart  When,  however, 
compacted  charge  (llj  pounds)  was  used,  a  tremendous  explosion  occurred,  throwinj 
small  fragments  of  the  iron  about  1,000  feet  in  every  direction,  and  completely  sliat 
tering  the  rock  which  supported  the  charge. 

After  a  preliminary  analysis  of  these  experiments,  three  trials  with  service  torpe 
does  were  made  in  October,  I8T9,  to  verify  the  conclusions  su^ested. 

The  first  shot  was  fired  on  October  1,  the  primary  charge  being  a  regular  iroi 
torpedo  containing  100  pounds  of  dynamite  No.  I,  submerged  11  feet  in  water  20  fee 
deep.  Around  it  were  planted  poles  at  various  distances  (accui*ately  determined  b; 
triangulation),  each  supporting  a  small  secondary  charge  at  a  depth  of  5  feet  beloi 
the  surface.  The  following  is  a  summary  of  the  results  of  this  experiment: 
^mpatiietio  explotiona. 
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The  second  shot  was  fired  on  October  7,  1879.  The  arrangements  were  simila 
to  the  foregoing,  except  that  the  depth  was  L9  feet,  and  the  submergence  of  the  prim 
ary  charge  somewhat  uncertain.  It  was  intended  to  make  this  quantity  10  feet;  bu 
the  torpedo  seemed  to  be  fouled  in  the  electric  cable  when  planted,  and,  as  a  burst  o 
black  mud  appeared  in  the  jet,  this  was  doubtless  the  case.  The  secondary  charge 
were  only  submerged  3.5  feet,  the  tide  rising  to  a  less  height  than  usual.  The  follow 
ing  results  were  noted,  and  that  some  anomalous  conditions  affected  them  is  apparen 
from  a  comparison  of  the  column  of  remarbs  with  that  in  the  last  table: 
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The  third  shot  was  fired  on  October  15,  1879.  The  conditions  w 
those  of  the  first  shot,  except  that  the  depth  was  ly  feet  and  the  subnw 
torpedo  11  feet.  The  secondary  charges  were  all  submerged  about 
those  in  paper  which  were  only  5  feet  below  the  water  surface.  The  fi 
exhibits  the  details  of  the  experiments : 

Sympathetic  expUmmis. 

FHtUAKT  CHABGE.  100  POUNDS  OF  DYNAMITE  NO.  1. 


Berondtry  ohaiga,  djnuDlte  ITo.  1. 
iDTelope.  '       WeiKht. 


DitUnce  fton  ' 


The  foregoing  tables  and  recoi-ds  include  all  the  new  material  colle 
next  point  for  consideration  is  the  proper  method  of  analysis. 

The  theoiy  of  sympathetic  explosion  is  by  no  means  well  unden 
explanation  which  seems  to  be  most  in  accord  with  the  known  facts 
effect  to  a  peculiar  vibration  produced  by  the  primary  explosion,  whi« 
atoms  of  the  secondary  charge  to  seek  new  chemical  combinations.  Di 
sive  substances  difi^er  greatly  in  their  powir  of  communicating  such  vib 
Professor  Abel  has  shown  to  be  quite  independent  of  the  absolute  amou 
intensity  of  action  developed;  but  for  the  same  explosive  it  would  seem 
this  power  is  a  function  of  the  kinetic  energy  which  reaches  the  secoi 
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and  hence  that  the  extreme  range  at  which  the  effect  can  be  produced  is  fixed  by  the 
minimum  amount  of  this  energy  necessary  to  perform  the  pecuHar  atooiic  work  jn 
question.  If  so,  designating  (equation  16)  this  extreme  range  by  A,  and  this  mini- 
mum energy  by  W : 

"  -(A  +  O.Olf 
in  this  equation  K  is  a  linown  constant  if  we  ignore  tlie  effect  of  angular  clianges 
of  direction  in  the  right  line  connecting  the  two  charges ;  and  the  small  constant  in 
the  denominator  may  be  neglected.     Hence  by  reduction : 
A 


X/0-  -\/w  =  ^ 


If  this  theory  be  correct  the  quantity  U  in  thin  equation  sliould  be  constant  for 
each  particular  envelope  and  density.  The  foregoing  tables  contain  observations  for 
determining  this  point;  and,  if  the  reasoning  be  verified,  for  fixing  the  limits  within 
which  the  true  value  of  B  must  lie  for  each  kind  of  envelope  and  for  the  two  condi- 
tions of  the  charge  (compacted  or  loose). 

The  computation  will  consist  in  substituting  successively  for  A  the  least  distance 
at  which  the  secondary  charge  failed,  and  the  greatest  distance  at  which  it  exploded, 
together  with  the  corresponding  value  of  C,  and  thus  determining  numbers  respect- 
ively greater  or  less  than  the  true  value  of  K.  The  following  table  exhibits  the 
results  of  this  analysis  applied  to  all  the  experiments  with  small  primary  charges; 
Sympathetic  explosiont. 
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exerted  by  the  nature  of  the  envelope  are  fully  confirmed ;  i.  e.,  where  the  material 
composing  the  case  offers  a  sensible  interruption  to  the  transmission  of  the  normal 
vibrations  the  sympathetic  range  is  surprisingly  reduced.  This  appears  from  the 
relatively  small  values  of  B  indicated  for  such  envelopes,  viz : 

Charge  compacted  in  thin  glass  vials 9. 0<B<12,6 

Charge  compacted  in  thick  glass  bottles 3. 8<^B<^   5.1 

Charge  compacted  in  pine  1  inch  thick 6. 9<B<   8.6 

Charge  compacted  in  stout  brass 5.  0<;B<   6.3 

Charge  compacted  in  iron,  1.25  inches 0. 0<B<1  0. 5 

Moreover,  it  would  appear  from  the  crushing  effects  produced  at  ranges  slightly 
greater  than  the  maximum  exploding  limit  that  the  phenomenon  of  sympathetic  explo- 
sion rarely  or  never  occurs  with  a  resisting  envelope,  unless  the  latter  be  crushed. 

II.  The  density  of  the  dynamite  is  shown  to  be  a  very  important  element  under 
certain  circumstances.  Thus,  when  the  envelope  offers  no  sensible  resistance  to  the 
direct  transmission  of  the  kinetic  energy,  as  in  the  case  of  the  oiled  paper,  the  unsol- 
dered and  very  thin  tin,  and  the  thin  glass  cylinders,  the  value  of  B  is  sensibly 
constant  if  the  dynamite  be  compacted ;  but  if  loose  the  protection  against  the  com- 
pression due  to  a  moderate  head  of  water,  afforded  even  by  the  two  envelopes  last 
named,  reduces  in  a  marked  degree  the  range  of  the  sympathetic  action.  This  appears 
from  the  following  comparison  of  the  limits  within  which  B  is  comprised  in  these  two 
cases.     Thus  : 


For  compacted  or  loose  dynamite  in 
oiled    paper,    and    for   compacted 
dynamite   in  unsoldered   thin  tin,  < 
and    in   thin   glass   cylinders   (21 
observations). 


20.4  1 

19.4 

19.7 

18.1 

20.5 

19.3 

20.0 

20.4 

18.1 


r  20.7 


B 


For  loose  dynamite  in  thin  unsold-  f 
ered  tin,  and.in  thin  glass  cylinders  \ 
(9  observations).  [ 


20.7 
20.7 
19.0 
19.6 


8.1 

6.7 


1 


r 


J 


^<B<^ 


I 


9.3 

8.5 


In  other  words,  when  the  shock  is  directly  transmitted  to  the  dynamite  the  value 
of  B  lies  between  18.1  and  20.7;  but  when  the  charge  is  so  loosely  packed  as  to  permit 
motion  among  the  particles,  if  the  pressure  of  the  water  be  removed  even  by  an  unre- 
sisting envelope  this  value  lies  between  6.7  and  9.3. 

The  protection  probably  afforded  by  slight  possible  motion  among  the  particles 
of  the  explosive  is  also  illustrated  by  the  experiments  with  the  stout  brass  cans.     If 
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compacted,  the  value  of  B  lies  between  5.0  and  6.3 ;  but,  if  loose,  it  falls  between 
the  limits  1.7  and  2.8. 

III.  It  would  appear,  from  this  discussion  of  the  data  with  small  primary  charges, 
that  the  range  at  which  sympathetic  explosion  should  or  should  not  occur  may  be 
predicted  from  the  following  formula  by  substituting  for  li  the  limiting  values  given 
above: 

To  test  this  eonchision  the  three  large  explosions  above  re|>orted,  and  those  given 
on  page  123,  will  be  analyzed.     When  the  formula  fails  to  predict  the  results  correctly, 
the  figures  in  the  last  two  cohimns  are  printed  in  full-faced  type,  otherwise  in  Roman. 
Sympathetic  explosions. 
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This  table  indicates  that,  out  of  fifty-five  experiments  on  a  large  scale,  the  for- 
mula correctly  predicts  the  result  in  all  but  seven  instances,  and  that  of  these  three 
failed  only  by  2  feet,  2  feet,  and  3  feet,  respectively,  which  are  quite  within  the  prob- 
able error  of  relative  location  of  the  primary  and  secondary  charges.  Of  the  four 
discrepancies  remaining,  one  differed  7  in  25  feet;  one,  9  in  162  feet;  one,  29  in  162 
feet;  one,  18  in  162  feet;  or,  28,  5,  18,  and  11  per  cent,  of  the  predicted  distances, 
respectively. 

Remembering  that  the  primary  charges  in  these  latter  shots  were  from  one  hun- 
dred to  five  hundred  times  larger  than  the  largest  used  in  deducing  the  limiting  values 
of  B,  and  that  the  submergence  was  not  increased  proportionally  with  the  charge,  the 
weight  of  evidence  would  seem  to  be  in  favor  of  the  truth  of  the  general  theory  upon 
which  the  fornmla  is  based.  In  other  words,  it  is  a  legitimate  inference  from  these 
experiments  that  sympathetic  explosions  result  fi'om  the  transformation  of  a  definite 
amount  of  kinetic  energy,  transmitted  through  the  fluid,  into  atomic  vibrations  capable 
of  inducing  new  chemical  combinations  in  the  molecules  of  nitro-glycerine. 

The  general  practical  conclusions  to  be  drawn  from  this  investigation  seem, 
therefore,  to  be : 

I.  If  the  object  be  to  avoid  sympathetic  explosions  of  dynamite  No.  1,  the  sec- 
ondary charge  should  be  in  a  loose  state,  and  should  be  inclosed  in  an  envelope  strong 
enough  to  resist  the  shock  without  crushing..  Under  these  conditions  no  induced 
explosion  has  ever  occurred  at  Willets  Point. 

II.  If  the  object  be  to  cause  sympathetic  explosions,  as  for  example  in  the  simul- 
taneous ignition  of  many  sub-aqueous  charges,  the  dynamite  should  be  solidly  com- 
pacted in  a  thin  and  elastic  envelope,  which  will  permit  the  water  to  press  directly 
upon  the  secondary  charge  without  wetting  it.  If  the  charges  are  to  be  kept  sub- 
merged for  long  periods  of  time,  large  test  tubes  of  the  thinnest  glass,  projecting  from 
the  outer  ends  and  containing  dynamite  very  solidly  rammed,  might  perhaps  be  better 
priming  envelopes  than  paraffined  paper.  Of  course,  in  all  such  operations  the  tem- 
perature of  the  water  should  be  above  45^  Fahr.  to  avoid  congelation,  which  might 
materially  modify  the  sensitiveness  of  the  explosive. 

Snmmary  of  Besnlts  with  Explosive  Componnds. — In  summing  up  the  conclusions  to  be 
drawn  from  the  foregoing  experiments  with  explosive  compounds,  several  points  merit 
attention. 

I.  Dynamite  No.  I ,  compressed  gun-cotton,  and  probably  explosive  gelatine,  are 
all  suitable  explosives  for  the  submarine  mining  service. 

II.  No  advantage  is  derived  from  multiplying  the  points  of  ignition  with  either 
of  them.     One  heavy  detonation  within  the  charge  will  develop  its  full  power. 

III.  A  priming  charge  of  dynamite  must  be  kept  dry  and  in  the  state  of  loose 
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powder  to  ensure  the  detonation  of  the  main  charge  under  all  conditions  of  moisture 
and  temperature.  Hence,  it  should  be  inclosed  in  a  separate  case  provided  with 
mechanical  devices  for  preventing  packing. 

IV.  No  advantage  is  secured  by  confining  the  charge  in  a  strong  case.  Hence, 
the  latter  may  be  made  to  conform  to  the  mechanical  requirements  of  tlie  problem ; 
provided,  however,  that  its  material  shall  be  hard  and  thin,  so  as  not  to  absorb  an 
unnecessary  part  of  the  energy  of  the  charge. 

V.  The  moderate  air  chamber  within  a  buoyant  torpedo,  indispensable  to  the 
requisite  flotation,  is  not  objectionable ;  but  it  should  not  be  larger  than  is  necessary. 

VI.  No  fear  need  be  entertained  of  the  sympathetic  explosion  of  one  charge  from 
the  explosion  of  its  neighbor,  or  of  a  countermine,  provided  the  case  be  of  iron  strong 
enough  to  resist  rupture  from  the  shock. 

VII.  No  danger  of  deterioration  after  planting  exists  either  with  dynamite  or  com- 
pressed gun-cotton,  when  proper  care  has  been  observed  in  the  manufacture  and  testing 
of  the  explosive. 

VIII.  Neither  great  depth  of  water  nor  great  submergence  is  needful  to  develop 
the  full  force  of  explosive  compounds.  From  3  to  5  feet  is  sufficient  for  100-pound 
charges. 

IX.  The  following  figures  represent  the  relative  intensity  of  action  of  the  several 
explosives  when  fired  under  water  : 

Explosivo  gelatine 117 

Dualin Ill 

Hercules  powder  No.  1 106 

Dynamite  No.  1 100 

Rendrock 94 

Gnn-cottou 87 

Dynamite  No.  2 83 

Mica  powder  No.  1 83 

Hercules  powder  No.  2 83 

Vulcan  powder  No.  2 8*2 

Nitro-glycerine • 81 

Bmgere  powder 81 

Vulcan  powder  No.  1 78 

Electric  powder  No.  1 69 

DcsignoUe  iK)wder 68 

Electric  powder  No.  2 62 

Mica  powder  No.  2 62 

* 

X.  Plate  XV  has  been  prepared  to  exhibit  to  the  eye  the  relative  intensity  of 
action  of  small  charges  of  dynamite  No.  1 ,  at  any  distance  likely  to  be  employed  in 
submarine  mining.  When  the  absolute  intensity  needful  to  rupture  a  first-class  ship 
of  war  has  been  determined,  this  diagram  renders  it  easy  to  ascertain  the  dangerous 
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range  of  any  charge  not  exceeding  100  pounds.     For  larger  charges  this  may  be  com- 
puted by  equation  (17). 

BEST  EXPLOSIVE  FOE  OUR  STTBlUBDrE  MIHES. 

In  the  foregoing  analyses  of  our  experiments  with  explosive  mixtures  and  explo- 
sive compounds,  will  be  found  the  results  of  extended  and  laborious  investigations 
nndertaken  to  provide  data  for  a  judicious  selection  of  the  explosive  to  be  used  in 
defending  our  harbors  with  submarine  mines. 

The  merits  to  be  sought  in  an  explosive  for  this  service  are: 

I.  The  greatest  possible  intensity  of  action  when  fired  under  water,  in  such  en%-el- 
opes  as  are  suitable  for  submarine  mines.  This  condition  excludes  all  of  the  explosive 
mixtures;  and,  among  the  explosive  compounds,  limits  the  choice  to  explosive  gelatine, 
dualin,  hercules  powder  No.  1,  dynamite  No.  1,  rendrock,  and  gun-cotton. 

II.  Retention  of  normal  strength  under  the  conditions  incident  to  the  service; 
viz,  the  lapse  of  time,  alternate  freezing  and  thawing,  occasional  wetting,  and  even 
saturation  with  water.  By  this  stjindard  dualin  is  far  inferior  to  dynamite  and  gun- 
cotton,  since  it  is  dangerous  when  frozen,  and  when  saturated  loses  half  of  its  normal 
strength ;  while  neither  gun-cotton  nor  dynamite  in  loose  powder  are  materially  affected 
by  water.  Hercules  powder  and  rendrock  are  quite  excluded  from  the  list  by  this 
condition,  since  their  absorbents  are  soluble. 

III.  Convenience  in  loading — involving  safety  in  transportation  and  in  handling 
with  ordinary  roughness;  a  form  which  admits  of  ready  insertion  through  a  hole  small 
enough  to  be  easily  rendered  water-tight;  and,  lastly,  a  high  density  giving  a  small 
bulk.  Gun-cotton  when  wet  is  quite  safe;  but  its  disc  or  slab  form  is  inconvenient, 
and  when  granulated  it  is  bulky.  Dynamite  with  reasonable  care  is  quite  safe,  but 
when  handled  by  men  not  accustomed  to  its  use  it  often  causes  headaches.  In  respect 
to  density,  even  in  the  shape  of  loose  powder,  it  has  the  advantage  over  either  of  the 
others,  and  it  can  be  readily  inserted  through  a  hole  3  inches  in  diameter,  Dualin  is 
unsafe  when  frozen  ;  is  as  objectionable  as  dynamite  in  respect  to  headaches ;  and  is 
also  quite  linlky.  By  this  standard,  therefore,  it  again  appears  that  dualin  is  decidedly 
inferior  to  tlie  other  two. 

IV.  Market  facilities.  It  is  undesirable  that  a  large  supply  of  any  of  these  high 
explosives  should  be  kept  in  store  in  our  forts  during  peac*.  Hence,  to  be  readily 
obtainable  in  the  market  in  large  quantities,  is  no  small  merit.  Gun-cotton  is  not 
manufactured  in  this  country.  Dualin  is  to  be  liad  from  only  one  party;  and  its  man- 
ufacture is  shrouded  with  so  much  mystery,  and  is  so  often  varied,  that  the  product 
fails  to  command  the  confidence  of  experts.  Dynamite  is  manufactured  largely  and 
at  reasonable  cost  by  two  responsible  companies,  one  near  San  Francisco,  and  the  other 
near  New  York  City;  and  a  good  article  could  be  supplied  as  fast  as  the  Government 
would  require  it,  even  in  an  emergency. 
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DESTRUCTIVE   EFFECTS.  135 

A  careful  consideration  of  these  several  advantages  and  disadvantages  has  led  tlte 
Board  of  Engineers  to  the  conclusion  that  dynamite  No.  1  shoidj  he  adopted,  provis- 
ionally, as  the  host  explosive  for  our  service;  and  our  experiments  to  determine  the 
destructive  range  of  torpedoes  against  shipping,  the  effect  of  explosions  upon  neigh- 
boring mines,  etc.,  have  accordingly  been  made  with  that  compound  exclusively. 
Extended  trials  and  much  experience  have  developed  notliing  to  throw  doubt  npon 
the  wisdom  of  that  selection,  but  it  is  held  always  open  to  reconsideration.  As  new 
explosives  appear  they  are  carefully  tested ;  and  it  is  not  imjjrobable  tliat  the  trials 
now  in  hand  with  explosive  gelatine  may  show  it  to  be  a  formidable  rival. 

SEBTKUCnVE  EFFECTS  OF  SITB-AftUEOVS  EXPL08I0H8. 

The  investigations  already  reported  have  supplied  the  information  needful  for  a 
judicious  selection  of  the  explosive  best  suited  for  use  in  defending  our  harboi-s,  and 
have  revealed  important  points  to  be  observed  in  designing  suitable  patterns  of  buoyant 
and  ground  torpedoes.  It  remains  to  consider  what  has  been  done  to  determine  the 
absolute  intensity  of  action  requisite  to  disable  a  ship-of-war  of  the  best  modern 
type. 

Tlie  expense  attending  experiments  upon  a  target  perfectly  representing  such  a 
vessel  would  far  exceed  the  funds  available  in  these  trials ;  and  indirect  methods  have, 
therefore,  been  employed  from  necessity.  Fortunately,  the  Oberon  and  other  trials 
were  fully  reported  in  the  European  journals,  and  by  the  aid  of  our  forniulaj  can  be 
made  of  much  value  in  supplementing  these  data. 

Before  considering  the  main  question,  a  few  incidental  points  developed  in  this 
investigation  will  he  noticed. 

ItapTMdoiu  in  Torgfet— A  curious  result  was  discovered  in  this  connection,  which  may 
perhaps  prove  of  some  practical  value 

In  two  of  the  experiments  with  the  iron  target  (shot  394  and  395}  one-half  of 
the  rods  holding  the  gauges  were  shortened,  so  that  the  pistons  were  placed  2.3  feet 
instead  of  O.l  of  a  foot  above  the  plane  of  the  bottom  of  the  target.  The  tubes  contain- 
ing the  gauges  were  4  inches  in  internal  diameter.  This  withdrawal  of  the  gauges 
into  a  cylindrical  recess  in  the  surface  exposed  to  the  shock,  exerted  an  extraordinary 
effect  upon  the  energy  and  mean  pressure  registered  upon  the  leads. 

Both  shots  consisted  of  100  pounds  of  dynamite  No.  1  exploded  vertically  under 
an  edge  of  the  target  (20  feet  square).  No.  394  was  submerged  27.5  feet  below  the 
plane  of  the  bottom ;  and  No.  395,  1 7.5  feet — the  draft  being  2.5  feet.  The  following 
are  the  mean  intensities  registered  on  the  gauges — full  details  in  other  respects  being 
^ven  in  Appendix  C. 

Shot  394.     Eight  long  gauges.     P  =  2898.     Eight  short  gauges.     P  =  1 167. 
395.     Eight  long  gauges.     P  zz  3495.     Eight  short  gauges.     P  =  1473. 
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The  enormous  reduction  indicated  by  these  figures  suggested  that  the  small  hole 
in  the  screw  plug  of  the  gauges  in  which  the  pistons  move  (Plate  I)  might  perhaps 
exert  a  similar  influence;  and  thus  render  a  special  correction  necessary  whenever 
leads  of  different  length  were  used. 

To  test  this  matter  some  special  pistons  were  provided  for  use  in  the  No.  1  gauge 
(area  of  piston  head,  0  1  inch).  The  usual  length  of  this  piston  is  1.5  inches.  The 
first  new  length  tested  was  2  inches,  which  just  left  room  for  a  gas-check  when  a  0.4 
lead  was  used ;  thus  filling  the  cylindrical  hole  (0.5  inches  long)  existing  between  the 
piston  head  and  the  face  of  the  screw  plug.  Three  shots  (Nos.  422,  423,  and  424) 
were  fired  with  these  new  pistons.  The  charge  was  3  pounds  of  dynamite  in  the 
4-foot  ring,  submerged  35  feet  in  62  feet  of  water.  No  indication  of  a  pressure 
greater  than  usual  was  obtained,  as  may  be  seen  by  referring  to  the  table  on  page  76. 

Three  shots  (Nos.  425,  426,  and  427)  were  then  fired  with  the  alternate  gauges 
fitted  as  just  described,  the  others  being  of  the  usual  pattern.  The  charge,  ring,  etc., 
remained  unchanged.     Result : 

Mean  of  9  long  piston  gauges :  P  zz  16,234. 
Mean  of  9  short  piston  gauges :  P  zz  1 6,322. 

To  make  the  test  as  complete  as  possible  the  smjvllest  and  shortest  lead  (0.3  inches 

in  diameter  and  0.5  inches  long)  was  next  tried  in  a  similar  manner,  the  charge  being 

1  pound  of  dynamite  No.  1  in  the  4-foot  ring,  submerged    5  feet  in  70  feet  of  water. 

Shots  Nos.  455,  456,  and  457  were  fired  with  all  tlie  pistons  2.35  inches  long,  which 

brought  the  ends  flush  with  the  face  of  the  screw-plug.     By  reference  to  the  table  on 

page  75,  it  will  be  seen  that  the  indicated  pressures  did  not  differ  from  those  obtained 

with  the  usual  length,  which  leaves  a  cylindrical  hole  0.85  inches  long  over  the  piston 

head.  i 

Three  shots  (Nos.  452,  453,  and  4^)4)  were  then  fired  with  the  alternate  pistons 

2.35  inches  and  1.5  inches  long,  respectively,  the  shots  being  the  same  in  all  other 

respects  as  the  last.     Result : 

Mean  of  9  long  piston  gauges :  P  =  8,018. 
Mean  of  9  short  piston  gauges :  P  zz  8,742. 

In  fine,  these  trials  proved  conclusively  that  no  error  due  to  the  length  of  the 
hole  over  the  piston  head  varying  with  leads  of  different  lengths  need  be  appre- 
hended ;  but  the  effect  of  the  larger  openings  in  the  iron  target  is  none  the  less  note- 
worthy. It  may,  perhaps,  suggest  some  expedient  for  protecting  the  feed  and  escape 
pipes  against  the  local  injuries  to  which  the  Oberon  experiments  have  shown  them  to 
be  peculiarly  liable  when  a  large  torpedo  is  exploded  in  the  vicinity. 

Effect  of  Recoil  in  Target. — That  the  immense  weight  and  stability  of  an  armored  ship- 
of-war  will  increase  the  intensity  of  action  developed  by  a  sub-aqueous  explosion 
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much  beyond  what  is  registered  upon  a  comparatively  light  and  movable  target  waa 
fully  recognized  in  planning  our  torpedo  experiments  to  determine  destructive  range; 
indeed,  this  is  th.^  great  practical  difficulty  in  conducting  such  trials,  and  even  in  the 
case  of  the  Oberon  it  was  not  entirely  overcome. 

The  subject  will  again  be  considered  in  connection  with  our  experiments  upon 
the  wooden  and  iron  targets.  Here  it  is  mentioned  only  to  introduce  a  few  special 
ring  trials,  suggested  by  some  surprising  results  obtained  with  the  latter,  which  indi- 
cated a  numerical  value  for  this  reduction  so  greatly  exceeding  what  was  expected  as 
to  demand  special  investigation. 

These  trials  were  made  in  connection  with  shots  Nos.  483  to  488,  inclusive,  fired 
in  the  3-foot  ring,  submerged  33  feet  in  water  70  feet  deep.  The  explosive  was  dyna- 
mite No.  1,  and  the  charges  varied  from  1  to  3  pounds 

The  object  was  to  expose  to  the  action  of  the  same  explosion  one  fixed  and  one 
movable  gauge,  side  by  side,  and  thus  to  determine  the  absolute  reduction  in  mean 
pressure  due  to  recession  from  the  locus  of  the  charge. 

The  extra  gauge  was  secured  in  a  socket  made  to  be  used  inside  gunpowder 
charges.  It  was  held  in  place  alongside  of  gauge  No.  3  in  the  same  horizontal  plane, 
and  directed  toward  the  can  containing  the  charge.  The  attachment  to  the  ring  was 
by  a  stout  2-inch  pine  strap,  fitted  over  the  socket  of  No.  3,  and  securely  lashed  in 
position.  To  recover  the  apparatus,  it  was  shackled  to  the  *  guard  ring  by  a  1 0-foot 
length  of  inch  wire  rope.  Thus  the  two  gauges,  both  in  distance  and  direction,  were 
similarly  placed  in  respect  to  the  can,  the  only  difference  being  that  No.  3  received 
the  full  shock,  while  the  extra  gauge  was  shot  off  into  the  water  as  soon  as  the  wooden 
strap  was  disrupted  The  following  are  the  details  of  the  six  shots,  the  means  of  the 
six  ring  gauges  being  added  as  a  check  upon  gauge  No.  3,  which  should  register 
sensibly  the  same  intensity  of  action : 

Fixed  and  movable  gauges. 


DYNAMITE  NO.  1. 


No.  of  shot. 

Charge. 

6  gauges. 

Poundt. 

Poundt. 

483 

1 

13,029 

484 

1 

12, 376 

485 

2 

20,075 

486 

2 

19,557 

487 

8 

25^096 

468 

3 

25,106 

Mean  pressure  per  square  inch  regis- 
tered by — 


Absorbed   in  motion,  as 
shown  by — 


Remarlca. 


Gauge  No.  3. 


Pounds. 
12,851 
12, 578 
17,665 
19,335 
25,382 
27,120 


MoY  gauge. 


Poundt. 
2,362 
4,264 
Lost 
2,261 
2,855 
2,362 


Gauge  No.  3. 


Pounds. 

10,489 

8,814 


17,074 
22,527 
21,758 


Wooden  strap  pulverized   by  explosion — 
fhftginents  rising  for  over  a  minute. 


The  absolute  reduction  of  mean  pressure  due  to  motion   communicated  to  the 
whole  movable  apparatus  w^as  thus  several  hundred  per  cent  of  that  expended  in  short 
ening  the  lead ;  i,  e.,  in  performing  work  destructive  to  the  body  recei  ving  the  blow 
No.  23 18 


138  SUB-AQUEOUS  EXPLOSIONS. 

But  these  data  exhibit  a  still  more  surprising  fact,  viz,  that  within  the  limits  and 
under  the  conditions  of  the  experiments  an  increase  of  charge  causes  no  increased 
pressure  upon  the  body  receiving  the  blow,  provided  the  latter  can  yield.  The  whole 
energy  due  to  the  increase  of  charge  takes  the  kinetic  form,  and  is  gradually  absorbed 
by  the  resistance  of  the  water  to  the  passage  of  the  gauge  and  socket  through  it ;  in 
other  words,  a  certain  amount  of  work  is  required  to  disrupt  the  wooden  attachments, 
and  of  course  is  registered  upon  the  lead ;  but  since  this  amount  is  sensibly  the  same, 
whatever  be  the  charge,  no  more  can  be  utilized  or  registered. 

These  facts  exhibit,  in  a  forcible  manner,  tlie  immense  importance  of  considering 

the  element  of  rigidity  in  all  experiments  upon  the  destructive  range  of  torpedoes. 

It  will  be  remembered  that  the  same  thing  was  indicated  by  the  discussion  of  the 
buoy  and  shackle  data  for  explosive  mixtures*  on  page  66,  and  it  will  soon  be  again 

confirmed  by  the  shots  fired  under  the  target. 

Experiments  Under  Ice.— In    describing    the   phenomena   attending   a  sub-aqueous 

explosion  it  has  been  explained  that  a  dome,  often  of  considerable  diameter,  is  formed 

first,  and  that  the  great  jet  of  water  and  gas  bursts  upwards  from  its  centre.     When 

fired  under  ice  these  effects  are  self-registered.     The  diameter  of  the  jet  is  shown  by 

a  circular  space  of  clear  water,  from  which  the  ice  has  been  driven  into  the  air ;  and 

the  locus  of  the  dome  is  indicated  by  concentric  circular  cracks  connected  by  radial 

*  With  explosive  compouuds  the  charges  used  in  the  experiments  were  necessarily  so  small  that  this  normal  effect 
was  reversed.  Instead  of  being  thrown  bodily  into  the  air  With  the  water,  the  buoy  was  only  raised  3  or  4  feet  by 
the  molecular  shock,  and  in  sinking  received  the  full  initial  blow  from  the  ascending  gas  chamber  and  upward  burst 
of  water.  The  effect  was  to  make  the  buoy  gauge  register  Absolutely  a  larger  pressure  than  the  shackle  gauge,  which 
being  near  the  charge  received  the  shock  of  the  gas  chamber  as  it  was  dragged  upward  by  the  rise  of  the  buoy. 

This  anomaly  appears  quite  uniformly  in  all  the  ring  shots  with  explosive  compounds,  but  as  the  fact  has  no 
important  practical  bearing  it  has  not  been  considered  necessary  to  give  a  tabular  exhibit  here,  especially  as  the  data 
in  the  appendix  afford  every  facility  for  examining  the  matter  in  detail.  The  following  figures  represent  the  grand 
mean  of  the  first  280  shots  with  every  variety  of  explosive  compound.  The  computed  pressures,  added  for  comparison, 
were  found  in  each  case  by  the  proper  formulie,  and  a  mean  was  then  taken  of  the  whole. 

Mean  charge  in  pounds  (280  shots) 3.4. 

Mean  interval  in  seconds  between  explosion  and  gas  appearance 5.2. 

Mean  pressure  in  pounds  by  shackle  gauge,  distant  14  feet  from  charge,  observed '874. 

Mean  pressure  in  x>onnd8  by  shackle  gauge,  distant  14  feet  from  charge,  comput«d  ...      789. 

Mean  pressure  in  pounds  by  buoy  gauge,  distant  28.1  feet  from  charge,  observed 1, 07.5. 

Mean  pressure  in  pounds  by  buoy  gauge,  distant  28.1  feet  from  charge,  computed....      332. 

It  appears  from  these  figures  that  the  shackle  gauge,  which  is  subjected  to  the  usual  vertical  action  of  the  charge 
(3  =  180^),  corresponds  well  with  the  indications  of  the  formnlte,  and  hence  it  may,  perhaps,  be  Inferred  that  the  dis- 
crepancy indicated  by  the  buoy  gauge  is  a  rough  measure  of  the  effect  of  the  second  blow.  That  such  duplicate  blotrs 
are  registered  on  my  gauges  in  sub  aqueous  explosions  (although  not  with  the  Rodman  apparatus  in  cannon)  was 
shown  by  a  few  special  shots  fired  to  test  the  matter.  The  following  figures  exhibit  the  results,  the  No.  1  gauge  and 
0.4  leads  being  used  in  the  4-foot  ring,  with  a  charge  of  3  pounds  of  dynamite  No.  1,  submerged  35  feet  in  water  50 

feet  deep. 

Inches. 

Shot  164.— Lead  shorteniQg  (mean  of  six  gauges) 0.156. 

Shot  165. — Same  leads,  additional  shortening 0.128. 

Shot  166. — Same  leads,  additional  shortening 0.091. 

Shot  167. — Lead  shortening  (mean  of  six  gauges) 0.173. 

Shot  168. — Same  leads,  additional  shortening 0.120. 

Shot  169. — Same  leads,  additional  shortening 0.100. 

A  tendency  toward  this  peculiar  anomaly  exhibited  by  small  charges  acting  upon  distant  gauges  vertically  over 
them  is  shown  in  a  few  of  the  wooden  target  shots  soon  to  be  considered. 
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cracks.  In  shallow  water  a  second  swell  often  appears  at  the  hole  and  deposits 
muddy  water  over  the  surrounding  ice ;  indeed,  material  from  the  bottom  is  usually 
thrown  out. 

If  the  charge  be  submerged  too  deeply  the  diameter  of  the  jet  crater  is  reduced 
and  may  even  become  zero ;  if  it  be  placed  too  near  the  surface  a  reduction  is  also 
produced  both  in  the  jet  crater  and  in  the  dome  crater ;  in  other  words,  for  each 
charge  there  is  a  particulai*  submergence  at  which  it  performs  its  maximum  work  in 
disrupting  the  ice,  but  with  explosive  compounds  this  submergence  is  slight. 

Early  in  these  experiments  it  was  considered  that  valuable  information  as  to  the 
laws  governing  the  transmission  of  the  destructive  forces  developed  by  sub-aqueous 
explosions  might  be  obtained  by  taking  advantage  of  the  facts  above  recited.  Trials 
under  ice  with  various  explosives  were  accordingly  made  during  favorable  seasons, 
and  by  them  the  data  set  forth  in  the  following  table  were  secured. 

The  experiments  were  made  by  cutting  a  small  hole  in  the  ice ;  inserting  the 
torpedo  so  weighted  as  to  sink;  and  supporting  it  at  a  known  depth  by  a  rope 
attached  to  a  stick  laid  over  the  hole.  The  explosion  was  usually  effected  at  once, 
with  the  hole  open ;  but  sometimes  the  latter  was  covered  by  a  large  cake  of  ice, 
and  sometimes  the  charge  was  left  in  position  until  ice,  naturally  formed,  had  closed 
the  orifice.  After  firing,  careful  measurements  of  the  crater  radius,  which  is  always 
remarkably  uniform,  were  made.  The  following  table  exhibits  the  data  secured  in 
this  manner  in  the  years  1871,  1873,  1875,  and  1879  : 

Summary  of  dxperiments  under  ice. 


ice. 

Crater. 

r 

1 

Inches. 

Feet. 

Feet 

6.0 

0.0 

0.0 

6.0 

8.5 

12.2 

6.0 

17.5 

306.2 

7.0 

21.0 

441.0 

7.0 

2.5 

6.2 

7.0 

2.5 

6.2 

7.0 

9.0 

81.0 

6.5 

0.0 

0.0 

6.5 

6.8 

46.2 

6.5 

11.5 

182.2 

&5 

0.0 

0.0 

8.6 

0.0 

0.0 

&5 

6.7 

44.0 

8l5 

6.4 

4L0 

9.0* 

0.0 

0.0 

0.0* 

8.2 

67.2 

11.  Ot 

6.1 

37.2 

a^ 

13.8 

19a  4 

a5 

10.3 

106. 1 

&5 

9.4 

88.4 

*  Hole  oorered. 


t  Hole  frozen  over. 


i! 


IJ 


If' 


i  ■ 
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\y  I 


ft 
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i-t  I 
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i 


itl 
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Summary  of  ea^perimmU  under  ice — Gontiuued. 


No.  of 
shot. 

Date. 

Charge. 

Fuses. 

Kind. 

Weight. 
(C) 

Snb. 
(8) 

No. 

B. 

23 
24 
16 
15 

January  31, 1879 
....do 

do 

1 

Dynamite,  fh>2en . 
....do 

Found*. 
6.0. 
5.0 
2.0 
2.0 

Feet. 
0.0 
2.0 

ao 

3.0 

2 

2 

1 

4 

Inehu. 

•  •  •  • 

Dnalin,  frozen  — 
Gun-cotton 

•  •  *  • 

Depth    of 

water. 

r 

Crater. 

Case. 

1 

r 

1 

1 

1 

1 

Feet 

Inehee.' 

Feet 

Feet  1 

CanNa2 

10  0 

8.5 

6.9 

34.8 

»  « •  •  UO  ••••••• •••«•• 

10.0 

&5 

9.2    ' 

84.6 

Can  No.  1 

12.5 

8.5    , 

7.1 

50.4 

9  •  m  •  UV  •«••••  •  ••••*• 

10.5 

8.5 

&7    , 

44.9 

This  table  gives  information  upon  several  points  of  practical  interest. 

I.  It  affords  data  for  comparing  the  efficiency  of  different  explosives  in  opening 
a  channel  of  escape  for  a  vessel  frozen  in  position.  For  this  purpose  the  square  of  the 
crater  radius  for  like  charges  appears  to  be  the  best  attainable  gauge  of  absolute  merit 
— the  relative  merit,  of  course,  depending  also  upon  the  cost. 

For  example,  shots  Nos.  7  and  10  were  fired  respectively  with  mortar  powder  and 
dynamite  No.  1 ;  the  charge  in  each  case  was  7.5  pounds ;  the  submergence  was  5 
feet ;  the  other  conditions  were  practically  identical,  and  such  as  are  likely  to  be 
encountered  in  practice.  The  squares  of  the  crater  radii  were,  respectively,  81  and 
132.2  square  feet.  Since  dynamite  is  between  three  and  four  times  as  costly  per  pound 
as  mortar  powder,  these  figures  show  that  the  latter  should  have  the  preference  for 
such  work.  By  sinking  several  10-pound  charges  18  feet  apart  upon  the  line  to  be 
opened,  and  exploding  them  simultaneously,  a  channel  from  16  to  18  feet  wide  can  be 
rapidly  formed.  It  should  be  borne  in  mind  that  mortar  powder  does  not  break  the 
ice  in  so  small  fragments  as  dynamite,  and  hence  that  the  passage  is  more  choked  with 
floating  debris  than  when  the  stronger  explosive  is.  used. 

II,  The  table  affords  a  rough  gauge  of  the  relative  strength  of  the  different 
explosive  compounds,  both  in  a  frozen  and  soft  state,  and  as  compared  with  each  other. 

For  example,  the  following  shots  were  fired  with  a  uniform  submergence  of  3  feet, 
the  charge  being  2  pounds,  and  the  other  conditions  being  similar.  The  relative 
strength  is  inferred  from  the  ratio  of  the  squares  of  the  crater  radii  : 


Sqnue  crater  radii. 

Shot  No.    2. — Mortar  powder 12. 2; 

ShotNo.    9.— Dynamite  No.  1,  soft 46.2; 


;.2;> 
.9;  i 


ShotNo.  13.— Dynamite  No.  1,  soft 44 

ShotNo.  14. — Dynamite  No.  1,  frozen 41.0; 

ShotNo.  16. — Dualin,  frozen 50.4; 

Shot  No.  15. — Compressed  gun-cotton 44.9; 


Relative  strength. 
1.00. 

.3. 74. 
3.36. 

4.ia 

3.60. 


III.  These  data,  with  the  formulae  already  given,  render  it  easy  to  subject  the 
whole  subject  of  explosions  under  ice  to  a  mathematical  analysis — with  a  view  to 
generalizing  the  phenomena  observed,  and  thus  to  deriving  from  them  indications  not 
without  value  in  connection  with  the  general  investigation  of  sub-aqueous  explosions. 
The  method  adopted  for  this  analysis  has  been  the  following : 
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The  varying  conditions  inseparable  from  the  explosion  of  gunpowder  under  water 
decided  me  to  restrict  the  study  to  shots  fired  with  explosive  compounds. 

The  edges  of  the  ice  marking  the  crater  are  always  so  shai*ply  defined  and  so 
regular,  that  it  appeared  reasonable  to  suppose  the  mean  pressure  upon  that  line  to  be 
nearly  constant^  however  much  the  charges  and  submergences  might  vary.  The  observa- 
tions established  that  this  was  a  legitimate  inference,  as  will  soon  appear. 

From  the  triangle  formed  by  a  line  (D)  drawn  from  the  centre  of  the  charge  to 
any  point  of  this  circle  of  rupture,  the  crater  radius  (r)  and  the  vertical  line  from  the 
centre  of  the  charge  to  the  surface  (S),  the  following  equations  can  be  derived: 


(37) 

Whence : 

(38) 


D  = 


S 


COS.  (180°— :&) 


rzz 


S 


cot.  (180°  — J&) 
The  general  equation  for  explosive  compounds  (page  109)  is: 


(36) 


6636  (:&  +  E) 
(D  +  0.01)*- 


-) 


Combining  this  equation  with  equation  (37) ;  neglecting  the  second  term  of  the 
denominator,  as  too  small  to  be  regarded  in  this  discussion ;  and  reducing,  the  follow- 
ing equation  results : 

(^  +  E)  cos."  (180°  -  :&)  =  -^g^ 

It  only  remains  to  determine  the  numerical  value  of  P  in  this  equation.     In  the 

following  table,  fourteen  values  derived  from  the  observations  are  given ;  but  as  two 
shots  (Nos.  18  and  19)  differ  from  the  rest  by  having  the  small  hole  over  the  charge 
plugged,  they  have  been  omitted  in  framing  the  formulae ;  and  the  mean  of  the  remain- 
ing twelve,  or  VP*  =  69,605  d=  2095,  i.  e.,  P=  1692,  was  adopted,  giving: 

10.49  S*-^ 


(39) 


(:&  +  E)  cos.*-^  (180°  -  :&)  = 


C 


The  following  table  exhibits  a  comparison  between  the  values  of  the  crater  radius 

ft 

computed  by  equations  (38)  and  (39)  and  those  found  by  the  actual  trials  above 
reported.  The  accordance  is  extraordinary,  and  illustrates  the  precision  and  value  of 
the  general  formula  for  explosive  compounds.  It  will  be  noticed  that  allowing  the 
small  hole  (about  9  inches  in  diameter)  through  which  the  charge  had  been  sub- 
merged to  freeze  solidly,  or  simply  covering  it  by  a  heavy  cake  of  ice,  increased  the 
crater  radius  2  or  3  feet,  in  shots  Nos.  19  and  18. 


1  i 
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SUB-AQUEOUS  EXPLOSIONS. 
Analytis  of  ea^ferimenU  under  ice. 


XXPLOSIVX  COHPOTTKDS. 


i 

A 


o 


Charge. 


Kind. 


Wfcigbt      Snb. 
(C)     '       (S) 


h 

H 


6 

9 

10 

11 

12 

13 
14 
17 
18 
16 

• 

15 
19 
20 
21 
22 

23 
24 


Pounds. 

Dynamite,  soft 2 

...do !        2 

. . . . do 7. 5 

...do 2 


...do 


....do 

Dynamite,  frozen . 

. . .  do 

Dynamite,  soft. . . 
DQalin,f^Ken 


Gnn-ootton 

Dynamite,  froren . 

. . .  .do 

do 

....do 


...do 
...do 


2 

2 
2 
2 
2 
2 

2 

1 

10 

10 

5 

5 
5 


Feet, 

13.5 

3.0 

5.0 

7.2 

a2 

3.0 
3.0 
9.2 
6l0 
3.0 

ao 

3.4 
3.5 
9.8 
5.3 

9.0 
2.0 


Inehet. 
6.5 
6.5 
6.5 
8.5 


Distance 

troBk 
charge  to 

edge. 
(D) 

FeeL 
13.5 

7.4 
12.5 

7.2 


Mean  pressure  per  square 
inch. 


At  edge» 
(P) 

Poundi. 


Vertically 
over  charge. 


Crater  radius, 
(r) 


Obs.      Com  p. 


1,513 
1,755 
1,805 


8.5 

&2 

8.5 

7.3 

1,539 

8.5 

7.1 

1,620 

0+ 

9.2 

9+ 

9.6 

1.074 

8.5 

7.7 

1,577 

8.5 

7.3 

1,350 

11 

7.0 

1,053 

8.5 

14.2 

1,748 

&5 

13.9 

1,945 

&5 

10.8 

1,672 

8.5 

10.8 

1,767 

8.5 

9.4 

1,949 

Pounds. 
749 
6,130 
7,366 
1,805 
1,505 

6,130 
6.130 
1,281 
3,004 
6,634 

5,571 
3,244 
17,390 
7,950 
5.116 

2.434 
19,880 


I 


Feet. 
0.0 
6.8 
11.5 
0.1 
0.0 

a7 

6.4 
0.0 
8.2 
7.1 

6.7 

6.1 

13.6 

10.3 

9.4 

&9 
9.2 


FeeL 
0.0 
6.2 
11.9 
0.4 
0.0 


Difll 

Feet 
0.0 
+  0.6 

—  0.4 

—  0.3 
0.0 


Bemark*. 


Lim.  of  strengtli 


&  2  +  0. 5 

6.2  +0.2 

0.0'  0.0 

5.0  !  +3.2 


I 


Hole  covered. 
Do. 


Arithmetical  sums,  excluding  shots  Kos.  17, 18,  and  19 93.9 


6.7 

5.5 

3.8 

14.1 

11.9 

9.3 

&7 
10.2 

95.3 


+  0.4 

+  1.2 
+  2.3 

—  0.3 

—  1.6 
+  0.1 

—  0.8 

—  1.0 


Hole  frosen. 


7.4 


The  above  fonnulee  furnish  a  complete  solution  of  problems  involving  the  charge, 
submergence  and  crater  radius  as  variables — the  computation  being  made  by  the  . 
method  of  successive  approximations.     Thus,  to  find  the  crater  radius  corresponding 
to  a  known  charge  and  submergence,  find  by  trial  the  value  of  5  in  equation  (39); 
substitute  it  in  equation  (38)  and  find  r. 

To  find  the  charge  required  for  a  given  submergence  and  crater  radius,  find  5 
from  equation  (38) ;  substitute  this  value  in  equation  (39),  and  find  C. 

To  find  the  submergence  required  for  a  given  charge  and  crater  radius,  assume  a 
value  for  J&  in  equation  (38),  and  find  S ;  substitute  the  same  value  of  5  in  equation 
(39),  and  find  S.  If  these  values  be  identical,  S  is  correct ;  if  not,  repeat  the  opera- 
tion until  such  accordance  is  obtained. 

It  might  appear,  by  applying  the  usual  methods  of  the  differential  calculus  to 
these  formulae,  that  it  would  be  possible  to- find  the  submergence  of  a  given  charge 

■ 

which  corresponds  to  the  maximum  crater  radius ;  and  hence  to  deteimine  the  most 
economical  use  of  the  explosive.  If  this  be  done,  it  will  be  found  that  the  required 
condition  is : 

5  zz  -  E. 
which  is  fulfilled  when : 

S  =  0. 

r  =D. 


Af^fFS 


■ 
■ 
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In  other  words,  the  charge  must  be  bedded  in  the  ice  itself.  This  is  not  a  true 
practical  result.  It  arises,  partly  because  no  function  of  S  appears  in  the  general 
formula  for  explosive  compounds,  and  hence  the  analysis  ignores  the  slight  submerg- 
ence needful  to  develop  the  force  of  the  explosion  ;  and  partly  because  the  general 
theory  supposes  the  shock  to  be  transmitted  through  water,  not  through  ice.  In  other 
words,  the  formulae  are  not  applicable  to  these  conditions  of  a  theoretical  maximum.  As 
a  matter  of  fact,  however,  the  submergence  must  be  very  slight  to  develop  the  best 
results  with  explosive  compounds — as  may  easily  be  seen  from  the  last  tabla 

IV.  The  most  important  deduction  from  these  experiments,  so  far  as  the  general 
investigation  is  concerned,  is  the  fact  that  the  quantity  P  proves  to  be  a  trustworthy 
measure  of  the  rupturing  power  of  a  sub-aqueous  explosion.  The  ice  yields  when  sub- 
jected to  a  certain  defim'te  strain,  of  wliich  this  is  a  true  gauge.  Hence,  we  may  also 
expect  to  find  it  a  gauge  of  the  strains  to  which  the  hull  of  a  ship  must  yield. 

Experiments  with  the  Targett.— The  two  targets  designed  and  constructed  for  these 
investigations,  one  of  wood  and  the  other  of  iron,  have  already  (page  35)  been  fully 
described.  They  were  neither  of  them  what  was  desired ;  but  the  Hmited  funds 
available  compelled  a  rigid  economy ;  and,  supplemented  by  the  elaborate  analysis 
of  the  problem  already  reported,  it  was  believed  that  they  could  be  made  to  serve  the 
needful  purpose. 

The  experiments  with  the  wooden  target  were  merely  tentative,  to  supply  data 
for  use  in  condncting  the  ti-ials  with  the  more  perfect  model  in  iron.  Twenty-eight 
shots  were  fired  under  it,  mostly  at  too  great  distances  t»  produce  any  injurious  effect 
Indeed,  in  the  first  eight  shots  the  target  was  used  simply  as  a  buoy  to  sustain  the 
ring  at  great  depths. 

The  gauges  were  held  in  position  by  the  same  iron  rods  nsed  with  the  iron  target; 
which  being  made  for  gauge  No.  1  would  not  fit  the  larger  and  more  sensitive  patterns. 
Hence  several  of  the  distant  shots  gave  no  measureable  shortenings  of  the  leads.  The 
following  table  exhibits  the  details  of  the  several  shots  under  the  wooden  target,  the 
explosive  being  dynamite  No  1.  It  will  be  remembered  that  its  weight  was  12  tons; 
and  that  in  No.  371  and  subsequent  shots,  it  was  lashed  down  as  already  described. 
The  table  is  arranged  according  to  the  charge,  not  according  to  the  sequence  of  shots 
as  fired,  which  is  sufficiently  indicated  by  their  numbers: 
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SITB-AQtIEOUS  BXPIOSIOHS. 
Exp^metOa  uiiA  wooden  target. 


No.  or 

Cb.rge. 

"tTo,"^ 

{U^ 

per  oqu.ro  Incb.    (P) 
ofelgbtgwgw.)           j 

■bot 

1                                           Senuvk.. 

W,dght 

(CI 

Sab. 
(SI 

7i>r 

ObMrrcd. 

C«Dp. 

P*t.nrf». 

fitL 

F«(. 

Pound.. 

Fiutid,. 

Psund*. 

_ 

w 

5 

100 

S8.2 

Off  Kale 

8S 

Bubble)  To«  In  S  or  3  iDlimtH. 

ta 

5 

80 

78.2 

..do... 

118 

BDbU«  nw  In  ■  minuM.  20  f»t  (two  tH«tt. 

nc 

TO 

ta.: 

..do... 

Tpflow  or  wmtor  notr  Uxpri  in  abonl  ■  minute. 

w 

5 

80 

lias 

..do... 

178 

UpHow  of  irater  In  20'HcondL 

toe 

' 

U 

48.4 

.......  1 

228 

Dpaov  of  w»lCT  In  ■  few  (econdt 

aw 

t 

40 

38.4 

..do...     ' 

tsa 

300 

S 

3! 

30.t 

SIS 

tsi 

+    84      T^rietniKillibtly^  nO-rooIJetfniBinDinlhiile. 

301 

6 

20 

18.  S 

i.oii 

832 

+  183    ,  Smut  ahock.  IbniriDX  Iron  wrdgM  up  and  rhfcklBK  ■ood. 

302 

10 

M.2 

Off  Male 

No  upflow  of  waler. 

303 

" 

eo 

78.2 

.-do..-     , 

188 

Bubblu  row  in  ibont  a  mluaU  atar  tarRet. 

sot 

10 

70 

0&3 

.ido...     1 

839 

A  imall  npflow  nnder  laritot. 

SOS 

10 

eo 

68.8 

..do.-.    1 

3S« 

Sllibt  boll  under  tuget,  tailing  one  aide  ■  IKIIr. 

SD< 

» 

u 

.-do... 

XI 

Loose  liw)  Jingled-aide  of  largcl  raiwd  a  fov  iuchea. 

m 

40 

38.4 

4M 

—    22 

Target  lined  »Teiml  incbee. 

3U 

10   1 

30 

28.8 

810 

740 

+    81 

Lowe  articles  Lbrown  about.  Whole  larget  raleod  bodily. 

371 

10 

Z7 

2S.7 

7S2       1 

807 

-lis 

RaiHd  one  end  3  feet,  anoboT  rope,  being  (lack. 

373 

10 

32 

20.  fl 

M8       ' 

I.IM 

—  187 

Target  bnried  In  ipny  :  hMYy  abock ,  large  buoy  tbnm  oS'. 

374 

10 

n 

18.1 

1,322 

t,C4S 

-323 

Log  Ihroim  IS  feel  np.  Tarnet  me  e^Qarely  under  gmrt  jf 
•nd  (howa  beginning  of  cnrk  and  upvard  bulge. 

1 
1 

l.MO 

3.  MO 

-800 

Tanlet  buHed  in  80-fooI  Jet,  and  brokn  thjougb  middle  on  lis 
of  oak  log*.  Twelve  apru«  !oga.e«)b  12  by  13  tnehe*  »« 
aiHUider.  One  oak  log  broken  In  two  plM>ea.and  otben  du 
aged.    DeWrucUon  complete. 

M« 

20 

BO 

88.2 

Off  Mile 

ISO 

A  bubbling  npflov  of  vaUr  about  a  minule  alter  drlug. 

lit 

20 

..do... 

3iT 

A  boiling  anraud  Urget  in  20  cacond*. 

M 

48.4 

Target  burled  in  >  S  foot  dome  of  water. 

312 

20 

40 

38.4 

SSI 

7.2 

+  120 

313 

20 

M 

28.8 

1.207       , 

1,W 

+    42 

A  lS.foot  Jet  threw  Mrgel  on  edge  and  newly  upeet  it. 

37! 

20 

OT 

2S.7 

J,2H 

1,377 

-123 

A  W-ioot  Jet  buried  Urget  and  ahookil  severely,  but  brake  no 

3TS 

20 

tz 

20.0 

1,337 

1.8M 

-487 

lug. 
Jet  114  feet  high.    Target  bulged  and  some  gaoge-aeats  split. 

na 

»    1 

17 

18.1 

2,103 

2,811 

—  448 

Jet  tS  feet  hlgb  and  of  equal  ndlna.    Cnck  enlarging  In  lop 
target.     Seven!  gango-aeata  sbatlerrd.    Target  weakmrd. 

SM 

100 

M 

se.3 

1,324 

1,300 

+     34 

Jot  2S  feet  blgh  riaing  under  Urget  turned  It  over-     Botto 

J 

_ 

_ 

L 

A  careful  examination  of  this  table  will  show  that  no  material  damage  was  done 
to  the  target  before  it  was  held  down  by  anchors  to  receive  the  blow.  This  plan  was 
tried  for  the  first  time  in  shot  No.  371.  It  received  seven  blows  when  thus  secnred; 
and  although  some  yielding  was  still  possible,  no  large  amount  of  work  was  lost  fi*oni 
that  cause  before  the  last  four  shots  were  fired-  In  them  the  difference  between  the 
observed  and  computed  pressure  be^ns  to  be  large  enough  to  indicate  a  sensible 
reduction  in  the  shock  by  reason  of  the  motion.  The  target,  although  somewhat 
shaken  by  the  rough  handling  it  had  received,  did  not  show  signs  of  serious  weaken- 
ing before  the  first  of  these  four  shots  (No.  374,  which  opened  the  crack  upon  which 
it  finely  broke).     Hence,  its  destruction  may  probably  be  attributed  to  them  alone; 
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t.  e.,  to  the  destructive  effect  of  foiir  successive  instantaneous  mean  pressures  of  1,322, 
1,337,  2,163,  and  1,930  pounds  per  square  inch.  What  single  blow  would  be  the 
equivalent  of  these  four  can  hardly  be  determined,  but  it  would  probably  be  consid- 
erably less  than  their  sum  (6,752  pounds),  say  5,0  0  pounds  per  square  inch  delivered 
when  the  target  was  held  rigidly  in  position.  Such  a  blow  would  be  received  from  a 
chai-ge  of  10  pounds  at  6.'>  feet,  or  of  100  pounds  at  19.6  feet 

The  trials  with  the  iron  tai^t  are  more  easily  analyzed;  since,  after  each  sinking, 
it  was  thoroughly  repaired  and  made  as  strong  as  at  first. 

The  project  for  these  trials  contemplated  several  successive  shots,  each  more 
damaging  than  any  preceding  it,  to  be  continued  until  a  fatal  blow  was  given  to  the 
target. 

The  experiments  began  in  June,  187^.  Three  shots  were  fired,  Nos  388,  389, 
and  390,  when  the  target  sunk  for  the  first  time.  It  was  raised  and  repaired,  and  five 
more  shots  were  exploded  near  it,  Nos.  391,  392,  393,  394,  and  395,  when  it  again 
sunk.  This  terminated  the  trials  for  that  season.  After  a  thorough  restoration  shot 
No.  428  was  fired  in  August,  1876,  again  sinking  it.  Once  more  it  was  put  in  perfect 
order,  and  on  September  12,  187/,  it  received  the  final  shock. 

In  all  these  trials,  except  the  last,  the  target  was  moored  in  water  about  40  feet 
deep,  and  was  held  down  to  the  blow  in  the  manner  described  on  page  39.  The-last 
of  these  shots  having  snapped  nine  of  the  sixteen  chain  cables  like  pack  thread,  and 
the  flotation  being  insufficient  to  support  heavier  metal,  the  target  in  the  final  experi- 
ment was  moored  in  30  feet  of  water  without  any  steadying  attachments,  and  the 
distance  between  the  bottom  and  the  torpedo  was  diminished  so  as  roughly  to  allow 
for  the  loss  by  motion. 

The  sixteen  gauges  recorded  with  precision  the  actual  destructive  intensity  of  the 
several  blows.  The  dynamite  formula,  equation  (21),  having  been  sufficiently  tested 
to  g^ve  entire  confidence  in  its  indications,  enabled  the  corresponding  intensity  due  to 
the  charge  when  acting  upon  a  body  held  rigidly  to  receive  the  shock  to  be  computed. 
The  difTerence  between  these  two  quantities  measures  the  loss  due  to  the  general  motion 
or  yielding  of  the  target  from  lack  of  weight. 

To  place  this  loss  in  the  most  intelligible  form,  the  charge  required  to  give  the 
intensity  of  action  actually  measured  by  the  gauges  has  also  been  computed  by  the 
formula  for  each  shot.  This  computation  has  been  accurately  made,  using  the  known 
values  of  D  and  S  for  each  lead,  and  then  adopting  the  mean  of  the  sixteen  gauges, 
thus  determined,  as  the  true  result  to  compare  with  the  real  charge.  By  this  process 
the  probable  error  of  each  determination  can  readily  be  computed,  and  is  given  in 
the  following  table.  It  will  be  noticed  that  there  was  but  little  loss  from  motion 
except  for  the  two  neai-est  charges,  and  that  for  them  this  loss  was  enormous. 

The  table  exhibits  the  general  results  of  the  several  experiments,  full  details  being 
No.  2»-<— 19 
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given  in  Appendix  C.     The  effects  of  each  shot  upon  the  target  are  discussed  in  the 
text  immediately  following  the  table : 

Summary  of  iron  target  experiments. 


CliiTgB,  dynamite  Ko.  1. 


Point  of  AnApen^Iaii. 
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Shot  No.  388. — Charge  slung  firom  a  boom  guyed  fex)m  a  small  jury  mast  24  feet 
high.  The  explosion  was  sharp  and  ringing,  raising  a  jet  of  water  25  feet  high,  which 
lifted  but  did  not  break  the  boom.  The  target  rolled  considerably  in  the  waves, 
but  was  not  injured. 

Shot  No.  389. — Charge  slung  as  before,  and  boom  not  broken,  although  thrown 
violently  around.  The  target  was  buried  in  spray,  the  jet  rising  higher  than  the  mast 
The  chain  cables  rattled,  and  a  large  stone  was  thrown  upon  the  deck. 

Shot  No.  390. — Loud  ring  fi-om  the  target,  which  rose  squarely  about  a  foot  in  a 
fine  mist,  settled  back  say  9  inches,  and  then  rose  again  say  6  inches,  when  a  jet 
burst  upward  through  the  central  hole  to  a  height  of  about  15  feet  The  deck 
showed  a  slight  upward  bulging,  with  three  small  cracks,  and  a  leak  was  opened  in 
the  bottom  which  caused  the  target  to  sink  in  about  two  hours.  It  settled  down 
gently,  turning  over  upon  one  side,  and  rested  vertically  on  the  mud. 

A  survey  of  the  bottom  of  the  target  made  after  this  shot  is  shown  by  Plate  XVI. 
The  figures  near  tlie  gauge  holes  denote  the  registered  pressures  per  square  inch. 
The  centre  strake  of  the  plating  was  cracked  through  seven  rivet  holes,  and  the 
adjacent  butts  were  opened  about  a  quarter  of  an  inch  (maximum).  .Contours  refer 
to  plane  of  bottom,  and  are  0.4  of  an  inch  apart. 

Shot  No.  391. — A  clear  white  jet,  say  25  feet  high,  rose  close  alongside  of  the 
target,  which  rolled  gently  in  the  waves  caused  by  the  explosion.  No  damage.  A 
fish  was  thrown  on  deck. 

Shot  No.  392. — A  jet  discolored  by  mud  rose  very  close  to  the  target,  throwing 
mud  and  stones  on  deck.  No  injury  could  be  detected  by  a  careful  inside  inspection. 
The  rolling,  as  before,  was  gentle. 


REPORT    ON    SUBMARWE 

MINES. 

PLATE  XVI. 

BOTTOM  OF  IRON  TARGET,                                      jtmrss. 

SHOWING  BTFBCT  fSt                                       O^amra  rel*rn  oriyi>7al  pfafw  */■ 
tenuc,  antl  are  ^mim   6./.  itt^fim 

3U  LBS.  Ur  1>YNAU1TU ,   FiHEU  30  FT.                 tomrt.   Figures  af  gauge  h^ea  ifufl- 



J% 

SBIB- 

'  Ve:^-;: 

4"  - 

• 

''  'I'i?^ 

& 

■  "AM 

4.'^ 

,        i*^ 

*  >' 

(' 

'■■    •  ■' 

J 

^      1 

1 

■i 

1 

,%,  ■ 

J%, 

s» 

.      ,.f„ 

■?^ 

.%s 

\ 

,r„ 

s,. 

DESTRUCTIVE  EFFECTS. 


147 


Shot  No.  393. — This  shot  was  more  serious  than  any  of  the  preceding.     The  jet 
rose  under  the  corner,  bulging  in  that  compartment  about  half  an  inch,  and  caused  a 
very  slight  leak.     Much  mud  fell  on  deck.     A  ^-inch  bolt  head  was  forced  off  from* 
a  deck  plate  near  the  manhole.     The  jet  was  high  and  a  little  deflected  by  the  target, 
which  pkmged  in  the  subsequent  waves,  but  met  the  blow  fairly. 

Shot  No.  394. — ^The  jet  (photographed)  was  140  feet  high  and  tinged  with  mud. 
The  shock  bulged  the  side  plates  from  ^  to  f  inches  on  the  side  attacked,  and  opened 
some  small  leaks  next  bottom  plate.  The  deck  indicated  a  slight  bulging  upward, 
near  the  middle  of  the  target.     The  rocking  in  the  waves  was  violent. 

Shoi  No.  395. — ^The  jet  (photographed)  was  200  feet  high.  The  chains,  notwith- 
standing the  heavy  strain  on  them,  were  tlu^own  about  on  deck,  and  the  wedges  holding 
down  the  gauge  rods  were  loosened.  Several  small  leaks  were  opened,  which  sunk 
the  target  in  an  hour  and  three-quarters  in  spite  of  the  pumps.  The  chains  scored 
the  edges  of  the  deck  under  the  violent  plunging  of  the  target. 

A  survey  of  the  bottom  showed  every  compartment  to  be  so  bulged  in  as  to 
distinctly  reveal  the  fore  and  aft  and  athwartship  framing ;  the  average  maximum 
depression  for  the  twenty -five  compartments  was  1.5  inches,  ranging  from  0.8  inches  to 
2  2  inches.  A  long  crack  extended  along  the  edge  of  the  internal  angle  iron  from 
No.  14  corner  to  within  5  feet  of  No.  13  corner. 

Shot  No.  428.— The  jet  (Plate  XVII)  rose  to  a  height  of  110  feet,  and  showed 
by  a  forked  depression  in  the  centre  that  its  form  was  modified  by  striking  the  target. 
Of  the  sixteen  |-inch  chain  cables,  seven  were  snapped  and  two  others  were  let  go, 
one  by  the  breaking  of  a  shackle  and  the  other  by  the  yielding  of  the  anchor  ring. 
Corner  16,  with  both  its  adjacent  fiides,  was  thus  left  free;  indeed,  only  one  complete 
connection  from  anchor  to  anchor  remained  over  the  target,  and  this  was  parallel  to 
and  next  the  side  14-13.  With  a  telescope  on  shore  the  target  was  distinctly  seen  to 
rise,  say  2  or  3  feet,  before  being  enveloped  by  the  jet.  The  vibration  of  the  earth 
was  noticed  at  a  distance  of  5  miles  with  a  mercury  seismometer,  the  shock  arriving 
in  about  5  seconds,  while  the  jet  was  still  high  in  the  air.  The  target  sunk  in  thirty 
minutes  from  injuries  received. 

The  survey,  after  raising,  showed  so  much  general  disorganization  that,  although 
there  was  no  open  rent,  the  question  of  repairs  was  a  doubtful  one.  The  bottom 
angle  irons  were  broken  and  rivets  sheared  along  all  the  four  sides,  and  along  about 
half  of  the  bulkhead  frames.  Every  bottom  strake  of  plating  showed  cracks,  some 
longitudinal  and  some  transverse,  the  length  ranging  from  a  few  inches  to  4  feet ;  the 
inward  bulging  of  more  than  half  of  the  compartments  exceeded  2  inches ;  the  corner 
straps  were  all  loosened ;  many  bolt  heads  were  gone ;  and,  in  a  word,  the  structure 
was  severely  shaken,  showing  a  tendency  toward  a  dish-like  form  with  the  concavity 
downward.     It  was,  however,  finally  decided  to  repair  it  for  another  trial. 
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Sliot  No.  478. — For  this  experiment  no  attempt  was  made  to  ioerease  the  stability 
of  the  target  by  anchorage,  as  the  strain  to  be  delivered  was  so  great  that  nothing  of 
the  kind  could  be  made  to  hold. 

The  shock  was  tremendous,  instantly  enveloping  the  target  in  a  broad  burst  of 
water,  which  rose  to  a  height  of  75  feet  (Plate  XVIII).  The  four  comers,  being  held 
by  slack  hemp  cables  to  ship's  anchors,  prevented  the  overturning  which  had  hap- 
pened to  the  wooden  target  under  like  circumstances.  When  the  water  subsided  the 
structure  was  seen  laboring  in  a  great  vortex,  which  sent  breakers  to  the  beach  a 
hundred  yards  distant ;  but  it  sunk  in  a  few  seconds  before  the  upward  boiling  had 
ceased.  One  corner  rested  in  the  mud,  thus  leaving  the  plane  of  the  bottom  vertical 
and  subjecting  the  gauges  to  no  pressure  from  the  weight 

The  survey  after  the  target-  was  raised  indicated  plainly  that  its  injuries  were 
irreparable.  The  condition  of  the  bottom  is  so  well  exhibited  by  Plate  XIX  tliat  it 
is  only  needful  to  draw  attention  to  the  general  breaks  along  the  lines  of  rivets,  and 
to  the  evidences  of  extra  support  afforded  by  the  tubes  for  the  gauges,  and  especially 
by  the  tube  in  the  middle  compartment  used  for  slinging  the  torpedo.  These  most 
efficient  braces  form  no  part  of  the  bottom  of  a  ship-of-war ;  and  if  they  had  been 
absent  there  can  be  little  doubt  that  the  whole  bottom  of  the  tai^et  would  have  been 
disrupted. 

The  following  figures  represent  the  maximum  inward  bulging  of  the  several 
compartments,  beginning  at  the  upper  left  hand  comer  and  reading  as  from  a  book. 
ITie  positions  of  the  internal  frames  are  so  clearly  marked  on  the  plate  that  no  further 
guide  is  necesaat'y.  The  depressions  are  expressed  in  inches,  reckoned  irom  the 
primitive  plane  of  the  bottom. 

4. 5  4. 3  6. 0  4. 3  4. 1 

5.8  7.0       Dismpted.       6.9  5.4 

4.3  6.8  1.3  7.6  4.6 

6. 8  7. 0       Dismpted.       6. 6  5. 4 

4.  3  3. 8  6. 1  4. 1  4.  8 

The  upper  edge  showed  a  general  warping  of  0.5  inches,  the  bottom  edge  of  0.7 

inches,  the  right  hand  edge  of  0.5  inches,  and  the  left  hand  edge  of  0.8  inches.     Upon 

the  lines  of  the  internal  framing  this  effect  was  still  more  marked,  giving  a  slightly 

dished  form  to  the  whole  bottom  of  the  target 

As  might  be  inferred  from  the  plate,  the  inside  exhibited  an  appearance  not  easy 
to  describe.  Angle  irons  were  buckled  and  broken,  rivets  were  generally  sheared  or 
had  lost  their  heads,  frames  were  bent  and  twisted,  and,  in  one  word,  it  was  evident 
that  the  limit  of  endurance  bad  been  so  nearly  reached  that  either  a  small  increase  of 
force  or  a  small  reduction  in  strength,  such,  for  example,  as  the  removal  of  the  gauge 
pipes,  would  have  caused  the  total  destruction  of  the  target 
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The  deck  was  cracked  in  several  places,  and  forced  into  a  slightly  concave  form 
corresponding  to  the  ■  bottom ;  so  that,  although  no  hole  was  broken,  it  was  apparent 
that  here  also  the  limit  of  strength  was  nearly  reached. 

It  remains  to  consider  the  intensity  of  the  strains,  exhibited  by  the  last  table, 
which  had  produced  these  several  effects. 

The  remarkable  accordance  between  the  computed  and  the  observed  mean  pres- 
sures for  the  first  six  shots  shows  that  no  serious  loss  occurred  in  consequence  of  the 
general  motion ;  i.  e.,  that  the  system  of  anchorage  had  served  its  pur|)ose  perfectly. 

When  a  charge  of  100  pounds  was  placed  under  the  edge  of  the  target,  even  at 
the  considerable  distance  of  30  feet,  the  loss  becomes  apparent ;  and  when  this  range 
WHS  reduced  to  20  feet,  not  less  than  30  per  cent  of  the  whole  intensity  of  the  blow 
was  absorbed  in  the  recoil,  notwithstanding  the  heavy  chain  anchorage. 

When  a  chaise  of  200  pounds  was  placed  30  feet  centrally  under  the  target, 
thus  developing  the  resisting  power  of  the  whole  sixteen  anchors,  instead  of  one-half 
of  them,  as  before,  the  loss  was  reduced  to  about  7  per  cent.;  but  even  this  fraction 
was  sufficient  to  snap  every  mooring  except  one.  Remembering  that  these  moorings 
consisted  of  g-inch  chain  cables,  attached  at  each  end  to  a  1,000- pound  anchor  buried 
in  mud,  and  strained  by  a  strong  tidal  lift,  the  enormous  force  thus  diverted  from 
rupturing  the  target  is  evident. 

In  the  last  shot,  when  no  anchorage  was  attempted,  200  pounds,  placed  centi'ally 
10  feet  under  the  target,  expended  64  per  cent  of  its  developed  intensity  of  action  in 
giving  motion,  and  only  36  per  cent,  in  effecting  rupture;  thus  exhibiting  the  immense 
advantage,  to  the  defence,  of  the  great  weight  of  modem  ships-of-war. 

The  actual  destructive  strains  upon  the  target,  of  course,  are  measured  by  the 
registered  and  not  by  the  computed  mean  pressures.  Hence,  it  appears  that  when 
this  quantity  equals  about  1,500  pounds  per  square  inch,  the  blow  will  buckle  the 
outer  plating  and  be  decidedly  injurious  to  the  ship,  although  not  seriously  damaging; 
when  it  equals  3,500  pounds,  the  shock  will  be  severe  upon  tlie  engines,  movable 
articles,  etc.,  but  will  cause  no  dangerous  leak ;  and  finally,  when  it  equals  6,500 
pounds,  a  large  hole  and  a  bad  leak  will  be  produced.  This  will  be  much  worae  than 
that  caused  in  the  target,  because  the  effective  stiffening  due  to  the  gauge  pipes  will 
be  wanting,  and  also  because  the  quality  of  iron  in  the  structure  was  greatly  superior 
to  that  used  in  ordinary  ship-building. 

The  Oberon  Ezperiment*. — In  the  years  1874-'76,  a  series  of  experiments  was  made  by 
the  Government  of  Great  Britain  to  determine  the  destructive  range  of  large  subma- 
rine explosions,  directed  against  a  first-class  modern  ahip-of-war  constructed  upon  the 
double  cellular  principle.  No  official  report  of  these  trials  has  been  made  public;  but 
the  essential  facts  appeared  at  the  time  in  the  public  prints  in  sufficient  detail  to  render 
it  possible,  by  the  aid  of  the  formulse  derived  from  our  own  investigations,  to  analyze 
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the  results,  and  to  deduce  from  them  valuable  information.     A  brief  account  of  the 
several  experiments,  compiled  from  the  best  available  authorities,  will  first  be  given. 

The  Oberon,  an  old  side-wheel  steamer,  with  an  iron  hull,  was  adapted  for  the 
experiments.  She  was  fitted  with  an  outer  skin  of  iron,  composed  of  }^-inch  and 
^-inch  plates,  lapped  and  double  riveted.  Her  inner  skin  (the  original  bottom)  con- 
sisted of  half-inch  plates,  single  riveted  and  supported  by  angle  iron  transverse  frames 
2 1  inches  apart.  These  frames  were  made  of  two  pieces  of  angle  iron  riveted  together. 
The  distance  between  the  inner  and  outer  skins  was  3.5  feet  at  the  keel,  and  2.25  feet 
above  the  water-line.  The  space  between  the  two  bottoms  was  divided  into  compart- 
ments by  longitudinal  and  transverse  frames — the  latter  4  feet  apart,  the  former  sup- 
porting every  alternate  outer  plate.  Tn  general,  these  frames  were  pierced  by  circular 
manholes ;  but  every  fourth  transverse  frame  was  solid,  forming  water-tight  bulk- 
heads. In  fine,  her  sides  were  made  about  equal  in  strength  to  those  of  H.  M.  S. 
Hercules ;  and  her  hull  was  divided  by  bulkheads  into  seven  water-tight  compart- 
ments. In  her  was  placed  a  condenser  fitted  with  inlet  and  outlet  valves,  which  were 
left  open.  She  was  also  fitted  with  a  Kingston  feed  pump  valve,  which  was  closed. 
The  water-line  was  2  inches  above  the  top  of  the  condenser.  The  weight  of  the  hull, 
before  the  outer  skin  was  fitted,  was  590  tons ;  and  the  additions  brought  her  weight 
up  to  920  tons — the  cables,  condensers,  etc.,  adding  30  tons  more.  The  mean  draft 
of  the  vessel  was  1 1 .3  feet. 

These  figures  show  that  the  Oberon  by  no  means  represented  a  modem  armored 
ship  in  absolute  weight,  and  hence  in  stability ;  and  the  probable  reduction  in  her 
local  injuries  due  to  this  cause  was  not  overlooked  in  the  public  discussion  of  these 
experiments.  Thus  "Engineering,"  referring  to  a  statement  previously  made  in  that 
journal  to  the  efiect  that,  had  the  Oberon  been  fully  equipped  with  engines,  boilers, 
armor-plating,  armament,  crew,  and  stores,  she  could  not  have  failed  to  sustain,  even 
from  the  first,  serious  if  not  fatal  damage,  continues  :  "The  reason  for  this  is  that  she 
would  then  present  a  static  resistance  of  about  10,000,  instead  of,  as  she  does,  1,000 
tons.  It  is  held  by  some  that,  in  the  case  as  put  by  us,  the  vessel  would  have  a  certain 
amount  of  way  on,  by  which  that  distance  would  be  somewhat  reduced ;  and,  more- 
over, that  the  Oberon  is  moored  head  and  stem,  which  nearly  compensates  for  the 
absence  of  her  working  weight.  To  this  we  must  demur,  seeing  that  the  question  of 
the  vessel's  motion  depends  entirely  upon  the  direction  of  that  motion.  Were  the 
direction  one  in  which  she  was  advancing  towards  the  torpedo — as  it  probably  would 
be — it  would  increase  the  efiect  of  the  blow  upon  her,  whilst,  were  she  passing  the 
mine,  her  motion  would  barely  reduce  it,  if  at  all ;  that  is,  if  she  were  properly  within 
reach  of  the  mine.  With  regard  to  her  moorings,  although  she  may  be  held  all  taut, 
her  two  head  and  two  stern  mooring  chains  cannot  give  an  equivalent  to  9,000  tons 
of  resistance.     In  other  words,  it  would  not  require  a  force  of  2,250  tons  to  draw 
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each  of  these  moorings.  Therefore,  we  repeat  that  the  Oberon  is  not  a  correct  meas- 
ure of  resistance,  nor  are  the  results  of  the  explosion  of  500  pounds  of  gun-cotton 
against  her  an  -equivalent  of  the  results  of  a  similar  explosion  against  a  fully  equipped 
vessel  of  the  same  size." 

On  the  side  next  the  torpedo  were  placed  44  crusher  gauges,  each  exi)oaing  two- 
thirds-of  a  square  inch  of  piston  area,  and  containing  a  cylinder  made  of  lead  hard- 
ened with  antimony.  These  cylinders  were  half  an  inch  long,  and  one-twelfth  of  a 
square  inch  in  sectional  area.  Suspended  by  3-inch  ropes,  over  each  side  of  the  ves- 
sel, were  six  18-pounder  shot — each  fitted  with  a  crusher  gauge  having  a  piston  of  less 
weight,  but  in  other  respects  similar  to  those  just  described.  None  of  the  records 
obtained  by  these  gauges  have  been  made  public. 

The  mines  each  consisted  of  500  pounds  of  compi'essed  gun-cotton,  saturated  with 
33  per  cent,  of  fresh  water,  and  placed  in  an  iron  case  of  the  service  pattern.  The 
charges  at  first  were  primed  with  9-ounce  disks  of  dry  compressed  gun-cotton  in  water- 
proof bags;  hut  these  primings  were  subsequently  increased.  They  were  fired  by 
two  detonating  fuzes  (No.  6  Abel,  submarine),  connected  in  divided  circuit  and  ignited 
by  an  electric  battery. 

First  experiment. — Fired  August  H,  1874.  The  charge  was  placed  on  the  bottom 
in  48  feet  of  water,  on  the  starboard  broadside  of  the  Oberon,  at  a  horizontal  distance 
of  100  feet  from  the  vessel,  which  was  moored  in  60  feet  of  water.  No  harm  was  done 
to  the  hull,  but  the  condenser  pipe  of  the  engines  was  split,  an  injury  which  would 
interfere  with  the  shiji's  capacity  for  sailing  at  full  speed. 

Second  experiment — The  second  shot  w:as  fired  on  August  2t,  1874,  under  con- 
ditions similar  to  the  first,  except  that  the  charge  was  placed  20  feet  nearer  the  Oberon, 
or  80  feet  distant.  The  vessel  lay  at  her  former  moorings.  An  external  examination 
of  the  hull  disclosed  no  appearance  of  damage.  The  water-ballast  tanks  in  the  after- 
hold  were  removed  from  their  original  position,  and  three  of  the  4-inch  timber  struts 
which  had  served  to  hold  them  in  place  were  forced  from  their  bearings,  one  being 
broken.  The  ballast  tanks  in  the  forward  hold  were  not  disturbed,  although  the 
ladder  and  other  light  objects  were  moved  about  8  inches  from  the  side  of  the  vessel 
exposed  to  the  force  of  the  explosion.  The  same  disturbance  was  also  observable  on 
deck,  where  dead-eyes  were  found  to  have  been  started  from  their  sockets,  the  seams 
of  the  deck  slightly  opened,  and  loose  gratings  and  covers  displaced  to  a  like  extent 
as  the  articles  on  the  lower  decks.  Tliat  her  steaming  power  would  have  been 
impaired  appeared  more  certain  than  in  the  previous  experiment,  but  an  examination 
in  the  dry  dock  disclosed  no  signs  of  injury  to  the  plates  of  the  hull. 

Third  experiment. — This  shot  was  fired  on  September  .'»,  1874,  and  the  experiment 
was  conducted  under  precisely  similar  conditions  to  those  which  had  preceded  it, 
except  that  the  distance  between  the  torpedo  and  the  vessel  was  reduced  to  60  feet. 
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An  internal  examinatiou  of  the  vessel  after  the  explosion  disclosed  the  fact  that  the 
hatchway  coaming  had  become  unshipped,  and  the  tanks  displaced  as  before.  An 
examination  of  her  bottom  after  she  had  been  docked  showed,  although  no  appreciable 
damage  had  been  done  to  it,  that  the  limits  of  safety  were  being  approached.  Aa  in 
the  second  trial,  sheep  and  rabbits  placed  on  board  escaped  uninjured. 

Fourth  experiment. — Fired  on  September  26,  1874.  The  distance  of  the  torpedo 
from  the  vessel  was  decreased  to  50  feet,  the  other  conditions  being  the  same  as  in 
former  experiments. 

To  insure  the  floating  of  the  Oberon  after  the  explosion,  until  she  could  be  towed 
into  dock,  a  large  quantity  of  iron  ballast  was  taken  out,  and  water  tanks  and  casks 
were  stowed  in  her.  Most  of  these  were  empty,  but  some  of  them  were  filled  with 
water  to  supply  the  weight  required  to  bring  the  vessel  down  to  her  proper  draft 
Heavy  balks  of  timber  were  set  up  between  the  paddle-box  outer  beams  and  the  upper 
edge  of  the  outer  bottom,  clear  of  her  sides,  in  order  to  afford  a  hold  for  the  lifting 
chains.  The  chain  cables  provided  for  holding  her  together  in  the  event  of  her  hull 
being  fractured  by  the  mine,  or  for  enabling  her  to  be  raised,  were  disposed  in  four 
double  loops  extending  over  each  side  and  around  the  bottom  of  the  vessel.  She  had 
also  a  double  length  of  chains  placed  in  line  with  her  keel,  connected  with  the  trans- 
verse loops  and  made  fast  inboard  over  each  bow  and  quarter.  Other  precautionary 
measures  were  taken  to  keep  the  vessel  clear  of  water  should  a  breach  be  effected,  or 
to  raise  her  in  case  she  should  be  sunk. 

The  effect  of  this  explosion  upon  the  Oberon  was  impressive.  The  outer  mass  of 
the  upheaved  water  striking  her  on  the  starboard  side  caused  her  to  rise  up  to  a  height 
several  feet  above  the  level  of  the  surrounding  water,  and  fall  again  into  the  midst 
of  the  swell  surging  up  on  the  crater's  edge.  She  rolled  heavily  for  some  minutes, 
and  had  the  appearance  of  being  about  to  settle  down. 

She  was  quickly  boarded,  and  the  exjjedients  for  keeping  her  afloat  were  applied, 
but  before  reaching  the  dock,  it  was  found  that  the  only  water  she  contained  was  that 
which  had  been  shipped  from  the  column  thrown  up  by  the  explosion. 

An  external  examination  made  in  the  dock  disclosed  a  very  marked  impression  on 
her  outer  skin.  The  pressure  brought  upon  the  plating  had  buckled  it  to  a  consid- 
erable extent,  so  that  the  longitudinal  and  vertical  framing  between  the  inner  and 
outer  skins  stood  out  in  bold  reUef  The  enormous  and  instantaneous  pressure  given 
by  the  explosion  to  the  sides  of  the  double  bottom  nearest  the  mine  was  found  to 
have  driven  in  the  outer  plating  between  the  frames,  the  vertical  frames  exhibiting 
this  feature  more  than  the  horizontal.  A  series  of  flat  arches,  thus  formed,  told  what 
might  have  happened  had  the  forces  spent  in  doing  this  found  only  a  small  opening 
for  an  entrance.  The  weakest  part  of  the  Oberon's  bottom  was  near  the  great  inlet 
pipe,  with  its  grated  cover,  leading  from  one  of  the  lower  strakes  of  plating  to  the 
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condenser,  weakened  also  by  the  outlet  pipe  some  feet  above  it  in  another  strake  of 
plating.  Here  a  rivet  was  found  to  have  been  so  nearly  driven  out  that  it  was 
removed  and  replaced  with  a  wooden  plug.  All  the  rivets  for  many  feet  round  were 
started;  the  outlet  pipe  from  the  condenser  (of  iron  and  about  12  inches  in  diameter) 
was  split  longitudinally  between  the  outer  and  inner  iron  skins  of  the  double  bottom; 
indeed,  all  the  flanges  of  the  condenser's  sea  connections  were  damaged.  The  vessel's 
floating  power,  however,  was  not  aflFected. 

Fi/tk  experiment. — The  fifth  of  the  series  of  experiments  against  the  Oberon  was 
set  down  for  November  10,  1874.  The  signal  "all  ready"  to  the  firing  party  on  shore 
at  Fort  Monckton  was  answered  by  a  closing  of  the  electrical  circuit,  which,  however, 
only  had  the  effect  of  exploding  the  priming  charge  of  dry  gun-cotton  discs.  A  slight 
upheaval  of  water  and  a  small  burst  of  spray  made  known  the  fact  that  the  primer 
had  failed  to  explode  the  main  charge. 

The  general  opinion  at  the  time  was  that  the  main  charge  of  gun-cotton  had  been 
super-saturated  with  water,  and  had  therefore  failed  to  answer  to  the  explosion  of  the 
priming  charge  of  dry  discs.  Against  this  there  is  the  fact  that  charges  of  gun-cotton 
saturated  with  the  proper  percentage  of  water  have  been  further  immersed  for  a  con- 
siderable period  and  yet  exploded  by  dry  discs. 

It  was  stated  by  some  critical  observers  near  the  Oberon  that  a  puff  of  smoke  was 
emitted  from  the  disturbed  water  over  the  torpedo.  If  this  were  really  so  it  would 
indicate  the  ignition  of  the  main  charge,  and  its  imperfect  combustion  until  stopped 
by  the  rush  of  water  into  the  ruptured  iron  case.  All  that  was  recovered  of  the 
torpedo  by  the  Royal  Engineers  was  the  wire  rope  by  which  it  had  been  suspended, 
and  the  two  iron  straps  with  which  it  had  been  bound.  The  shell  containing  crusher 
gauges  remained  attached  to  the  rope,  with  the  5  cwt  mooring-anchor ;  and  the  divers 
also  succeeded  in  securing  portions  of  the  main  charge. 

The  hypothesis  framed  upon  these  data  by  the  committee  was  that  the  wet  charge 
had  not  exploded  from  want  of  proper  contact  with  the  primer  of  dry  discs,  but  that 
the  explosion  of  the  primer  was  sufficient  to  blow  the  iron  case  open.  The  question 
was  also  raised  whether  a  priming  charge  of  1  pound  was  large  enough.* 

On  November  12,  1874,  the  experiment  was  successfully  made  under  conditions 
similar  to  those  of  the  previous  trials,  except  that  the  priming  charge  of  dry  gun-cotton 
was  increased  to  2  pounds,  and  the  torpedo,  instead  of  being  placed  on  the  bottom, 
was  suspended  in  the  water  from  a  spar  projected  30  feet  from  the  port  (uninjured) 
side  of  the  Oberon,  in  a  line  with  her  deck.    The  vessel  was  drawing  12  feet  of  water ; 

*  With  4-poniid  charges  of  gnmalate)!  gnn-cottoii,  soaked  bj  1  poimd  of  frwh  water  and  primed  with  0.T5  oances 
of  dry  disc  gnncotton,  and  with  2-poand  charges  of  disc  giiD-ootton,  containing  2ti  per  cunt,  of  fresh  waler  and 
primed  with  1.75  oiincea  of  dry  disc  gnn-cotton,  miiM  fiies  similar  to  this  have  ovoiirreil  woro  than  once  at  Willets 
Point.  (8ee  AppeodizA.)  Similar  failuroa  have  also  been  noted  in  the  experiineuta  at  Hallott's  Pi>iiil  and  Flood 
Rock,  New  York  Harbor. 
No.  23 20 
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SO  that  the  absolute  distance  of  the  charge  from  the  hull  was  52  feet,  tlie  charge  being 
submerged  48  feet  in  about  66  feet  of  water. 

When  the  water  from  the  outburst  of  the  explosion  struck  the  vessel  she  rose  and 
careened  slightly.  The  height  of  the  jet  of  water  was  estimated  at  over  250  feet. 
Upon  docking  her,  and  pumping  her  clear  of  the  water  which  she  had  shipped  from 
the  upheaved  mass,  it  was  found  that  no  leak  was  sprung.  The  extent  of  the  damage 
to  the  outer  skin  was  alight,  although  it  extended  over  the  whole  immersed  surface  of 
the  ship's  exposed  side  from  the  bow  to  the  ninth  vertical  frame  (a  length  of  about  35 
or  40  feet),  and  from  the  keel  to  the  water-line.  The  plates  were  bent  in,  say  three- 
fourths  of  an  inch  at  the  utmost,  from  their  proper  outline  between  the  frames ;  but 
otherwise  there  was  neither  opening  of  the  seams  nor  of  the  caulking.  On  board  there 
was  less  disturbance  than  on  some  previous  occasions.  All  the  movable  objects  were 
displaced  in  the  fore  compartments,  but  the  extent  of  the  injuries  rapidly  diminished 
toward  the  after  part  of  the  ship,  the  mine  having  been  exploded  well  forward. 

The  detailed  effects  of  this  explosion  on  board  the  Oberon  were : 

Compartment  I  (bow)  — On  starboard  side  of  lower  deck  second  knee  started  so 
that  a  chisel  blade  could  be  inserted  between  it  and  the  under  side  of  the  deck;  ladder 
thrown  down ;  one  iron  midship  stanchion  loosened ;  1-inch  bolthead  off  from  second 
port  knee,  and  another  bolt  loosened.  Below  this  deck  t!ie  second  beam  was  slightly 
sprung,  and  from  the  third  beam  there  were  half  a  dozen  boltheads  off. 

Compartment  2. — In  space  below  the  lower  deck  there  was  one  J-inch  bolt- 
head  off  from  port  side  of  centre  of  first  deck  beam ;  one  off  from  second  beam  on  star- 
board half;  top  barrels,  filled  with  water,  were  slightly  shifted.  On  the  lower  deck 
the  ventilator  covers  were  displaced  on  starboard  side,  being  jerked  to  port  nearly  a 
yard;  the  strut  to  fourth  beam  on  starboard  side  was  shifted  J  inch.  On  deck  tlie 
cable  bit  arm,  a  piece  of  timber  12  by  20  inches  in  section  and  10  feet  long,  was 
moved  6  inches  away  from  the  bit  to  its  port  end. 

Compartment  3. — On  lower  deck  everything  movable  was  violently  displaced ; 
the  sheep  were  thrown  down ;  the  iron  water-tanks  were  displaced ;  two  of  the  4-inch 
.  struts  in  starboard  portion  of  the  cabin  were  forced  upwards  so  as  to  start  the  deck- 
planks  above  them ;  one  strut  was  broken  and  left  lying  on  starboard  side  of  lower 
deck;  at  6  feet  abaft  the  foremost  bulkhead  the  iron  covering  or  outside  ledge  of  the 
double  bottom  was  separated  ^^  inch  over  a  short  distance.  A  timber  strut,  8  by  10 
inches,  stretching  from  foremost  bulkhead  to  third  beam,  was  started  4  inches;  the  fore- 
most iron  stanchion,  2^  inches  in  diameter,  was  thrown  down ;  the  struts  generally  were 
displaced,  as  also  the  iron  water-tanks  and  all  movable  objects ;  and  lastly,  the  great 
transverse  wood  beam  above  the  aftermost  bulkhead  was  lifted  vertically,  showing  a 
long  crevice  in  some  places  |  inches  wide.  Of  the  IJ-inch  mooring  chain  cable, 
two  bights,  one  about  6  feet  and  the  other  10  feet,  were  thrown  down  the  hatchway. 
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This  massive  chain  must  have  been  jerked  upwards  at  least  3  inches.  On  deck  the 
spar  which  suspended  the  torpedo  had  been  broken  off  at  H  feet  from  the  ship's  side, 
and  the  portion  remaining  overboard  had  a  split  10  feet  long  from  the  broken  end. 
The  2-inch  wire  rope  shackle,  or  |-inch  iron  ring,  which  had  been  attached  to  the 
torpedo  showed  the  wire  rope  frayed  for  about  4  feet,  and  having  3  out  of  6  strands 
cut  at  the  joint  with  the  shackle. 

Compartment  4. — One  iron  water-tank  was  displaced,  and  several  of  the  covei-s 
were  thrown  off;  two  struts  thrown  down;  engine-room  hatch  on  starboard  side 
thrown  1  foot  aside  after  a  vertical  lift  of  at  least  3  inches.  All  the  remaining  struts 
shifted. 

Compartment  5. — ^The  after-pipe  from  inlet  valve  of  condenser  was  leaking  a 
good  deal  at  the  top  side  of  the  joint  of  the  flanges  next  the  condenser ;  from  these 
flanges  there  were  four  boltheads  broken  off.  The  valve  had  been  left  open  during 
the  explosion ;  the  exit  valve  had  been  closed,  and  there  was  no  injury  done  to  the 
exit  pipe. 

The  condenser  had  filled  while  the  Oberon  was  at  her  moorings,  showing  that 
the  inlet  valve  had  leaked ;  but  after  the  explosion  water  was  not  to  be  found  at  the 
top  of  the  condenser  with  the  valves  shut  down.  Hence  it  follows  that  the  leak  at 
the  flanges  was  enough  to  exceed  the  leaks  of  the  valves,  and  to  gradually  empty  the 
condenser.  All  the  shores  to  the  iron  ballast  tanks  were  slightly  shifted,  and  the 
lids  of  the  tanks  were  displaced. 

Compartment  6. — The  wedges  on  deck  (above  this  compartment)  at  the  foot  of 
the  derrick  were  slightly  shifted ;  below,  nothing  was  amiss. 

Compartment  7. — No  damage. 

Compartment  8. — A  wood  stanchion  was  thrown  down  and  broken  along  the  line 
of  the  previous  split 

The  crusher  gauge,  suspended  over  the  ship's  side,  at  15  feet  deptli,  gave  the 
highest  pressure  yet  obtained. 

Sixth  experiment. — Fired  on  November  28,  1874.  The  mine  was  charged,  as 
before,  with  500  pounds  of  disc  gun-cotton  (wetted  by  30  per  cent,  of  water),  and 
was  placed  on  a  shoal  at  30  feet  distance  from  the  stern  of  the  Oberon,  on  the  star- 
board quarter ;  submergence,  48  feet ;  horizontal  distance  from  outer  skin  of  double 
bottom,  30  feet  The  actual  distance  was  &2  feet,  as  in  the  fifth  shot,  the  object  being 
to  ascertain  the  difference  between  the  effects  of  a  buoyant  and  a  ground  mine  under 
similar  conditions  of  charge  and  distance.  The  observed  effect  of  the  blow  was  that 
the  vessel  lifted  considerably  by  the  stern  and  careened  over  to  the  port  side,  falling 
again  into  the  trough  of  the  sea,  her  bow  remaining  practicall}-  stationary. 

When  docked,  it  was  seen  that  the  outside  of  the  double  bottom  had  suffered 
more  than  in  the  last  experiment,  and  that  the  dam^e  was  confined  within  a  smaller 


I 

I 
I 

t 


\ 


156 


SUB-AQUBOUS  EXPLOSIONS- 


area.  Some  of  the  plates  of  the  out^r  jskin  between  the  longitudinals  were  bent  inwards 
and  a  little  cracked  in  the  line  of  rivets ;  and  the  thin  unsupported  plate  connecting 
the  two  sides  of  the  double  bottom  abaft  the  stem  post  was  broken  so  as  to  admit 
water — the  fracture  being  evidently  due  to  the  blow  from  the  explosion  taking  effect 
on  the  edge  of  the  plate.  A  large  amount  of  displacement  occurred  with  the  tanks 
and  movables  in  the  compartments  nearest  the  stem  and  exposed  to  the  full  shock  of 
the  explosion — the  displacement  decreasing  with  the  distance  froni  the  stem.  The 
joints  of  the  condenser  inlet  pipe  in  the  engine  room  were  again  started  and  were  leak- 
ing considerably.  On  deck,  the  heavy  framing  forming  the  anchor  bit  was  dismantled; 
two  small  fire  engines,  placed  on  board  for  pumping,  were  thrown  considerably  out  of 
position,  and  all  movables  were  displaced.  It  was  said  by  some  that  three  large 
objects  were  thrown  10  feet  into  the  air — probably  the  two  engines  and  anchor  bit 
frames. 

Some  of  the  plates  of  the  outer  skin  in  the  direct  line  of  the  explosion  were  much 
buckled,  and  showed  signs  of  fracture  along  some  of  the  lines  of  the  rivets. 

llie  inner  skin  of  the  double  bottom  was  still  intact  No  water  got  inside  the 
ship,  and  when  she  entered  the  dock  her  trim  was  altered  by  16  inches  greater  depth 
in  stern  and  10  inches  less  by  head,  showing  that  but  little  water  got  into  the  double 
bottom  by  way  of  the  fracture. 

The  general  opinion  was  that  this  ground  mine  had  delivered  a  more  direct  and 
concentrated  blow  upon  the  bottom  of  the  ship,  and  had  done  greater  damage  than 
the  similar  buoyant  one  in  the  fifth  experiment. 

Seventh  experiment. — Fired  on  May  20,  1875.  The  charge,  600  poimds  damp 
gun-cotton  as  before,  was  placed  opposite  No.  18  transverse  firame  on  the  starboard 
side,  and  vertically  under  the  upper  edge  of  the  double  bottom.  The  torpedo  was 
lowered  to  the  bottom  in  48  feet  of  water,  the  absolute  distance  from  the  nearest  point 
of  the  outer  skin  being  38.5  feet.  Immediately  after  the  explosion  there  were  two  dis- 
tinct upheavals  of  water,  the  first  clear,  the  second  black.  The  ship  sprang  from  the 
water  and  canted  to  the  starboard.  The  foremast  fell,  the  bridge  disappeared,  the 
coamings  and  movable  gear  flew  about  the  deck  in  all  directions.  A  tug-boat  took 
her  in  tow,  but  she  filled  so  fast  that  it  was  necessary  to  run  her  on  a  shoal.  It  was 
found,  on  examination,  that  the  Oberon  had  made  14  or  15  feet  of  water,  and  that  the 
effects  of  the  explosion  were  disastrous.  On  the  starboard  side,  almost  amidships, 
there  was  a  gaping  rent ;  and  there  was  also  a  large  hole  in  the  port  side,  in  the  vicinity 
of  the  water-tight  bulkhead. 

Commander  Sleeman  gives  the  following  additional  details  : 

^^ Effect  of  explosion, — Outer  and  inner  bottom  broken  entirely  asunder  at  No.  19 
frame  on  the  starboard  side,  and  between  Nos.  16  and  17  on  the  port  side.  A  finc- 
ture  was  caused  in  the  outer  bottom  extending  from  the  shelf  plate  to  upper  edge  of 
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atrake  next  the  keel  on  the  starboard  side,  mid  from  the  shelf  plate  to  upper  edge  of 
flat  keel  plate  on  the  jiort  side.  A  fracture  was  also  caused  in  the  inner  skin  extend- 
ing from  tlie  topside  to  the  outer  edge  of  the  garboard  strake  on  the  starboard  side, 
and  from  the  topside  to  upper  edge  of  garboard  strake  on  the  port  side ;  this  including 
a  fracture  of  the  keel  at  No.  1 7.  The  vei'tical  keel,  the  longitudinals,  as  well  as  numer- 
ous bracket  plates  and  angle  irons,  were  broken,  and  about  2,000  rivets  in  the  outer 
bottom  were  rendered  defective. 

"The  outer  bottom  was  indented  over  a  considerable  length,  the  indentation  being 
greatest  between  the  frames,  and  the  maximum  being  8  'inches.  Tlie  inner  bottom 
was  not  indented  or  damaged,  with  the  exception  of  the  fractures  before  mentioned." 

This  terminated  the  series  of  experiments  conducted  by  the  Royal  Engineers;  and 
the  Torpedo  Commission  took  her  in  charge. 

Eighth  experiment. — All  the  injuries  which  the  Oberon  had  sustained  had  been 
repaired;  the  fore  and  aft  compartments  were  filled  with  empty  casks  to  supply  flota- 
tion ;  her  bulkheads  had  been  so  tightened  and  renovated  that  she  was  found  to  be 
perfectly  water-tight,  and  well  calculated  to  oppose  a  fair  amount  of  resistance  to  the 
charges  which  were  to  be  fired  against  her.  Her  lower  plating  remained  the  same  as 
before. 

The  vessel  was  moored  fore  and  aft  at  the  extreme  reach  of  Portsmouth  Creek. 
It  was  nearly  high-tide  when  the  mines  wera  fired,  giving  an  actual  depth  of  about  26 
feet     The  vessel  drew  about  1 1  feet 

Commander  Sleeman  (my  only  authority  for  this  experiment,  which  for  some 
reason  was  not  reported  in  the  journals),  states  the  details  as  follows: 

"Torpedo,  60  pounds  of  gun-cotton  in  slabs,  saturated  with  water.  Total  weight 
of  charge,  75  pounds.  It  was  enclosed  in  a  J-inch  iron  case  with  cast  iron  ends.  It 
was  placed  at  15  feet  actual  distance  from  the  nearest  side  of  the  case  to  the  target, 
and  opposite  No.  4  frame  on  the  port  side,  10  feet  below  the  surface  of  the  water. 

"  Effect  of  the  explosion. — ^The  effect  upon  the  vessel  was  unappreciable.  This 
charge  represented  the  lai^  Whitehead  fish  torpedo,  and  its  position  corresponded  to 
tliat  of  this  torpedo  when  striking  a  net  at  a  small  angle  with  the  keel." 

Ninth  experiment. — Fired  on  June  12,  1876.  Three  torpedoes  were  fired  simul- 
taneously by  Captain  Heneage,  R.  E.,  in  continuous  circuit,  the  vessel  being  moored 
in  water  16  feet  deep.    They  were  as  follows : 

No.  9  a.  A  Harvey  torpedo,  containing  66  pounds  of  gunpowder  primed  with  the 
service  (laboratory)  bolt.  The  case  was  filled  with  gunpowder,  and  was  fired  by 
means  of  a  powder  fuze,  ignited  electrically.  It  was  exploded  on  the  starboard  bow, 
opposite  No.  4  water-tight  frame.  The  centre  of  the  torpedo  was  9J  feet  below  the 
surface,  and  3  feet  from  the  nearest  point  of  the  vessel's  side. 

No.  a  h.  A  rectangular  iron  case,  containing  33  pounds  of  slab  gun-cotton  (25  per 
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cent  of  water  being  added),  was  placed,  when  exploded,  opposite  No.  30J  frame  on 
the  port  side ;  primer,  a  slab  of  diy  gun-cotton  i^  pounds  in  weight ;  fuze,  an  electric 
detonator;  centre  of  charge,  4  feet,  from  nearest  jjoint  of  vessel's  side,  and  9\  feet 
below  surface  A  service  steam  pinnace  with  steam  up  and  fitted  with  torpedo  gear, 
one  pole  being  rigged  out,  was  placed  at  a  distance  of  22  feet  from  the  charge. 

No.  9  c.  Similar  to  No.  9  b,  the  charge  being,  however,  33  pounds  of  granulated 
gun-cotton  (25  per  cent  water  added)  placed  on  the  starboard  side  opposite  No.  30J 
frame.  The  primer  was  a  disc  of  dry  gun-cotton,  2  pounds  10  ounces  in  weight  A 
service  steam  launch,  with  steam  up  and  fitted  with  tort)edo  gear,  one  pole  being  ri^^ed 
out,  was  placed  at  a  distance  of  22  feet  from  the  charge. 

One  purpose  of  this  experiment  was  to  test  the  eifect  of  offensive  torpedoes,  such 
as  would  be  adopted  in  an  engagement;  and  to  verify  the  results  of  the  Norwegians 
and  Danes,  and  more  particularly  of  the  Swedes  at  Carlscrona,  with  reference  to  firing 
comparatively  light  charges  in  actual  contact.  There  were  also  two  other  purposes  to 
be  served  by  tlie  experiments;  viz,  to  ascertain  whether  gun-cotton  would  prove  as 
effective  for  the  purpose  in  view  as  dynamite,  the  explosive  used  at  Carlscrona;  and 
furthermore,  to  test  the  relative  values  of  gun-cotton  slabs  manufactured  at  the  Wal- 
tham  Abbey  Works,  and  the  granulated  gun-cotton  made  at  Prentice's,  Stowmarket. 
The  density  of  the  former  is  exactly  double  that  of  the  latter,  so  that  the  cylinder  used 
in  the  No.  9  c  experiment  required  to  be  twice  the  size  of  that  in  No.  9  6.  Each  slab 
weighs  2^  pounds,  and  measures  6  inches  square.  The  charges  were  suspended  from 
the  sides  of  the  ship  by  warps  passing  through  eyes,  and  were  kept  at  the  requisite 
distance  from  the  hull  by  wooden  stays. 

The  effect  of  the  explosion  was  not  so  startling,  nor  was  the  result  of  the  experi- 
ment so  evident  at  the  outset,  as  on  last  year.  So  far  as  the  action  of  the  Harvey 
torpedo  manifested  it^^elf  to  the  eye,  the  effect  was  insignificant;  but  as  the  smoke  of 
the  discharge  found  its  way  up,  it  seemed  that  the  shock  bad  either  loosened  some  of 
the  bolts  or  had  perforated  some  of  the  plating.  With  respect  to  the  effect  of  the 
two  preparations  of  gun-cotton,  there  was  soon  no  doubt ;  for  although  the  Oberon 
remained  for  a  few  minutes  apparently  as  buoyant  as  ever,  she  gradually  went  down 
by  the  stem,  and  would  have  sunk  completely  had  there  been  sufficient  water. 

On  the  following  day  at  low-water,  when  the  Oberon  lay  high  and  dry  on  the 
beach,  she  was  visited  by  tlie  Torpedo  Commission.  It  was  only  possible  to  make  a 
cursory  examiuation  of  her  condition,  but  it  was  readily  perceived  that  she  had  been 
more  injured  by  the  explosion  than  was  at  first  inferred  from  the  deliberate  way  in 
which  she  settled.  Every  charge  seemed  to  have  told  with  effect,  and  the  Oberon 
was  apparently  useless  for  further  experiments. 

Contrary  to  the  firat  general  impression,  the  Harvey  torpedo  inflicted  extensive 
damage.     That  the  effect  was  not  evident  at  the  time  was  no  doubt  due  to  the  for- 
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ward  compartment  being  filled  with  casks,  which  tended  to  preserve  the  buoyancy  of 
the  ship.  The  charge,  however,  punclied  a  ragged  hole  in  the  outward  bottom  on  the 
starboard  bow,  about  3  feet  broad  at  its  greatest  diameter,  and  extending  from  No.  2 
to  No.  6  frame,  or  a  distance  of  12  feet.  From  the  armor-shelf  downwards  there  were 
five  sound  plates,  but  the  sixth  strake  was  blown  out  and  two  others  were  bulged 
inwards. 

After  docking  it  appeared  that  this  torpedo  had  split  or  bulged  in  the  whole  outer 
bottom  for  about  16  square  feet,  extending  downwards  through  two  longitudinals  to  the 
garboard  plates,  and  laterally  to  the  water-tight  frame  on  each  side  of  No.  4,  utterly 
destroying  the  intermediate  brackets.  The  injury  here  was  very  clearly  defined,  the 
longitudinals  and  frames  having  apparently  acted  as  knives,  so  cleanly  had  the  plates 
forced  in  upon  them  been  cut  through  in  the  direction  of  tlie  fibre  of  the  iron.  Had 
the  longitudinal  girders  been  placed  closer  together  the  resistance  would  have  been 
greater  and  the  damage  to  the  inner  bottom,  at  least,  would  have  been  less.  The 
bracket-frames,  which  were  only  kept  in  position  by  angle  irons,  seemed  to  have  been 
snapped  and  doubled  up  with  alarming  ease  by  the  force  of  tlie  concussion.  The  inner 
bottom  was  extensively  damaged  and  bulged  in,  but  not  so  much  as  might  have  been 
supposed  from  the  appearance  of  the  outer  skin,  the  straightness  of  the  bows  having 
allowed  much  of  the  explosion  to  spend  itself  vertically. 

But  the  greatest  damage  was  inflicted  near  the  No.  30^  frame,  against  which  the 
two  preparations  of  gun-cotton  had  taken  efi'ect  The  rent  here  on  both  sides  of  the 
outer  bottom  extended  longitudinally  (in  the  direction  of  the  fibre  of  the  iron)  about 
18  feet,  and  from  the  third  strake  below  the  armor-shelf  nearly  to  the  keel-plating. 
There  was  also  a  crack  throughout  the  whole  section  of  the  ship.  The  greatest  force 
appeared  to  have  been  exerted  by  the  granulated  gun-cotton  on  the  starboard  side. 
The  iron  skin  was  torn  from  the  rivets,  the  girders  and  bracket-frames  were  displaced, 
and  the  upper  plating  was  wrenched  completely  from  its  supports  and  blown  away. 
The  port  side  of  the  same  frame  presented  a  similarly  ruinous  aspect  The  only  dif- 
ference— and  practically  it  is  one  without  a  distinction — was  that  the  plates,  instead  of 
being  broken  off,  were  lacerated  in  all  directions  and  forced  upon  the  inner  bottom, 
which  here,  aa  also  on  the  opposite  side,  was  torn  and  forced  inwards.  With  the 
exception  that  the  taffrail  was  blown  away  and  the  galley  dismantled,  the  explosive 
forces  seemed  to  have  been  confined  for  the  most  part  within  well-defined  limits.  The 
wounds  left  by  the  previous  experiments  were  not  re-opened ;  and  though  the  ship 
must  have  been  lifted  fore  and  aft,  the  fissures  amidships  did  not  appear  to  have 
extended. 

Of  the  seven  water-tight  compartments,  the  two  nearest  the  torpedoes  were  the 
only  ones  filled  witli  water.  Four  others  were  partly  filled  by  leakages  through  the 
intervening  bulkheads,  not,  however,  caused  by  injurious  concussion.     The  centre 
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compartment,  occupied  by  the  machinery,  was  perfectly  dry ;  in  consequence  of 
which,  and  of  the  buoyancy  afforded  fore  and  aft  by  the  Cxasks,  the  vessel  floated  at 
high-water  on  the  day  after  the  experiment. 

The  steam  launches  did  not  suffer  in  the  least  from  the  combined  explosions. 
This  was  an  important  part  of  the  experiment,  since  the  launches  were  in  the  positions 
that  they  would  have  occupied  in  ramming  an  enemy.  One  hundred  and  twenty 
}>o«nds  of  gunpowder  have  been  exploded,  without  injury,  from  the  spar  of  a  torpedo 
boat  in  the  open  sea,  but  never  before  close  alongside  a  large  ship. 

Discussion  of  the  Oberon  experiments. — Having  discovered  by  our  own  investi- 
gations the  formuljE  representing  the  laws  governing  the  action  of  the  explosives 
employed  against  the  Oberon,  it  has  been  easy  to  compute  the  mean  instantaneous 
pressure  exerted  upon  her  by  the  several  shots ;  and  then,  by  studying  her  reported 
injuries  in  connection  with  these  pressures,  to  determine  what  shock  may  be  accepted 
as  certainly  destructive.  Knowing  this,  the  con-esponding  (and  hence  dangerousi 
range  of  dynamite,  or  of  any  other  of  our  explosives,  may  readily  be  determined  by 
its  known  formula.  It  is  true  that  this  method  of  analysis  does  not  correct  for  the 
loss  of  destructive  energy  due  to  the  excessive  recoil  of  the  Oberon  by  reason  of  her 
deficient  weight,  but  any  error  thus  caused  in  the  estimate  will  be  on  the  safe  side. 

Not  knowing  the  exact  curvature  of  the  hull,  the  nearest  point,  t. «.,  that  receiving 
the  heaviest  shock,  has  been  assumed  to  be  ft  feet  under  the  surface  for  the  tirst,  second, 
third,  and  fourth;  10  feet  for  the  fifth  and  sixth;  and  11  feet  for  the  seventh  experi- 
ment The  general  formula  for  gun-cotton  (equation  25)  has  been  used  for  that  explo- 
sive, and  tliat  for  sporting  power  (equation  13)  for  the  gunpowder  torpedo-  The  fol- 
lowing table  exhibits  the  results  of  these  computations: 
Analysis  of  Oberon  experiments. 
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Without  tlie  detailed  records  of  the  gauges  used  in  these  trials  it  is  impossible  to 
decide  how  much  the  recoil  of  the  ship  reduced  the  intensity  of  action  of  the  blows, 
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as  above  eomputed ;  bat  this  is  the  less  to  be  regretted,  since  any  error  resulting  from 
this  cause  will  tend  to  increase  the  estimated  power  of  resistance  of  the  Oberon. 

Another  point  merits  attention.  The  above  figures  indicate  the  immmum  intensity 
of  action  to  which  the  ship  wonld  have  been  subjected  had  she  been  held  rigidly  to 
receive  the  shocks;  but  there  is  one  important  difference  between  the  large  and  the 
small  charges  which  does  not  fully  appear.  The  effects  of  the  latter  are  much  more 
local  than  those  of  the  former ;  in  other  words  a  great  charge  at  a  considerable  dis- 
tance delivers  a  blow  which  differs  but  little  in  intensity  over  a  large  surface  of  the 
ship's  bottom ;  while  a  small  charge  in  the  close  vicinity  acts  like  a  projectile,  and 
occasions  an  intense  local  strain.  To  illustrate  this,  numerically,  for  the  more  severe 
of  the  shocks,  the  following  figures  are  given  exhibiting  the  mean  pressures  in  pounds 
per  square  inch  at  different  points  upon  a  horizontal  line  of  the  hull.  The  distances 
are  reckoned  from  the  point  nearest  to  the  charge,  at  which,  of  course,  the  effect  is  at 
its  maximum;  and,  to  simplify  the  comparison,  the  line  of  action  is  supposed  to  he 
normal  to  the  hull  at  that  point 

Bbsi  No.  •.(»  *  O.  Shot  No.  S.  Shot  No.  7. 

Mean  pTewnre  at  nearat  point P  =  19.800  3,697  5,996 

Ue*D  prewnTe  at   5  feat  from  nnarwt  poiot Ps  10,260  3,673  5,9SS 

Ueon  pMMUre  Bt  10  feet  from  neftrest  point P=   4,957  3,603  5,719 

Heou  prennre  at  15  feet  from  neatest  point P=  8,973  3,496  &,434 

Hmu  preMnre  at  20  feet  fttini  nearaat  point P=   3,346  3,356  6,074 

Mean  premara  at  35  feet  from  nearest  point P=   1,499  3,195  4,669 

Tliese  figures  place  in  a  strong  light  one  advauti^  of  exploding  a  small  charge 
near  the  ship.  The  blow  is  then  delivered  locally  with  intense  violence,  and  its  effect 
is  not  weakened  by  a  general  pressure  tending  to  give  motion  to  the  hull,  aud  thus 
to  reduce  the  disruptive  strain.  On  the  other  hand  the  racking  effect  which  throws 
the  engine  out  of  gear,  displaces  and  perhaps  explodes  the  boilers,  shakes  up  and 
demoralizes  the  crew,  and,  in  one  word,  subjects  the  vessel  to  a  generally  destructive 
shock  without  perforating  lier  bottom,  is  more  severe  with  large  charges  at  a  distance 
than  with  small  charges  near  the  ship.  The  old  problem  of  punching  and  racking,  bo 
much  discussed  in  connection  with  armor-plating,  thus  comes  up  again  under  a  new 
form  in  submarine  mining. 

The  punching  problem  is  the  only  one  which  can  be  closely  analyzed  for  the 
Oberon,  with  the  data  at  hand. 

A  study  of  the  foregoing  figures  and  of  the  corresponding  report  of  injuries 
inflicted,  with  a  small  allowance  for  probable  reduction  of  intensity  of  action  due  to 
the  abnoimal  lightness  of  the  ship,  leads  to  the  conclusion  that  an  instantaneous  mean 
pressure  of  5,500  pounds  per  square  inch  exceeded  the  resisting  power  of  the  hull  of 
the  Oberon;  and  hence  that  such  a  blow  would  cripple  the  Hercules  in  action.  The 
effect  of  the  gunpowder  torpedo  would  suggest  a  rather  smaller  numerical  value  for 
this  standard ;  and  it  will  be  seen  hereafter  that  in  some  other  cases  a  like  result  is 
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indicated.  Theexplosion  of  a  chemical  mixture  oecasiona  a  more  sastained  pressure 
than  one  of  equal  intensity  irom  a  chemical  compound,  and  hence  it  may  be  true  that 
different  standards  would  be  admissible  in  the  two  cases.  This  view  has  not  been 
adopted  because  the  action  of  gunpowder  is  so  variable  that  a  larger  margin  shonid 
be  allowed. 

Ezperiawnti  *t  Ouliennu,  SwedoL— Two  important  series  of  experiments  have  been 
conducted  by  the  Swedish  Government — one  in  1868,  and  the  other  in  1874-'76.  The 
following  information  concerning  them  is  derived  from  the  volume  upon, Torpedoes 
and  Torpedo  Warfare,  published  in  1880  by  Commander  C.  W.  Sleeman,  late  of  the 
Imperial  Ottoman  Navy. 

Of  the  first  series  he  states : 

"These  experiments  were  made  to  investigate  the  effect  of  submarine  contact 
mines,  charged  with  dynamite,  f^ainst  a  strong  wooden  vessel,  as  well  as  agun^t  a 
double-bottomed  iron  vessel.  •  They  were  carried  out  under  the  supervision  of 
Lieutenant-Colonel  Zethations,  of  the  Royal  Swedish  Navy. 

^^Tta^get. — ^The  hull  of  a  60-gun  frigate,  which  had  been  built  in  1844;  it  had 
been  cut  down  to  the  battery  deck,  and  the  copper  removed.  Her  timbers  and 
planking  were  quite  sound ;  timbers  of  oak,  about  1 3  inches  square  and  1  inch  apart ; 
planking  of  Swedish  pine,  6^  inches ;  bottom  strengthened  inside  with  wrought-iron 
dif^onal  bands,  6  by  1  ^  inch ;  inside  planking  running  half  way  up  to  the  battery 
deck  of  oak,  6  inches  thick.    This  completes  the  wooden  target 

"On  the  port  side  a  quadrangular  opening  was  made,  and  fitted  with  a  construc- 
tion representing  a  strong  double  iron  bottom,  firmly  fastened  to  an  oaken  frame  that 
had  been  put  on  inside  on  the  four  sides  of  the  opening,  and  with  through-going 
bolts,  1  inch  in  diameter  to  the  timbers. 

"Torpedoes. — ^No.  1 :  13  pounds  dynamite,  enclosed  in  ^-inch  iron  case.  It  was 
placed  on  the  starboard  side,  amidships,  7  feet  below  the  water-line  and  2  feet  2  inches 
from  the  bottom  of  the  ship. 

"No.  2 :  16  pounds  dynamite,  enclosed  in  a  glass  vessel.  It  was  placed  on  the 
starboard  side,  7|  feet  below  the  water  line,  3  feet  from  the  bottom  of  the  ship,  and 
40  feet  from  her  stem. 

"No.  3:  16  pounds  dynamite,  enclosed  in  j^-inch  iron  case.  It  was  placed  on  the 
port  side,  5|  feet  below  the  water  line,  2  feet  from  the  bottom  of  the  ship,  and  30  feet 
from  her  stem. 

"No.  4:  10  pounds  dynamite,  in  a  case  as  above.  It  was  placed  on  the  port 
side,  6^  feet  below  the  water-line,  2\  feet  from  the  bottom  of  the  ship,  and  70  feet  from 
her  stem. 

"No.  5 :  13  pounds  dynamite,  in  case  as  above.  It  was  placed  7}  feet  below  the 
water-line,  2^  feet  from  the  centre  of  the  iron  bottom. 

"  These  five  torpedoes  were  fired  at  the  same  moment. 


DESTEUOTIVB  EFPBOTB.  163 

"Effect  of  exploBion :  The  hull  of  the  ship  was  lifted  about  1  foot  and  sank  in  1 J 
minntes. 

"Na  1  mine. — Umbers  broken  and  thrown  inside,  into  the  hold,  on  a  space  of 
about  15  by  8 feet;  three  more  timbers  on  one  side  of  this  hole  broken;  inside  oak 
planking  rent  off  on  a  length  of  14  feet;  two  iron  bands  torn  up  and  bent,  one  of 
them  broken  in  two  places;  outside  planking  torn  off  on  a  space  of  21  by  12  feet; 
several  planks  still  higher  up  broken. 

"No.  2  mine. — Timbers  blown  away  on  a  space  of  about  8  feet  square;  inside 
planking  torn  off  on  a  length  of  20  feet ;  two  iron  bands  broken  and  torn  up  and 
bent;  and  oulaide  planking  rent  off  on  a  space  of  19  by  12  feet 

"No.  3  mine. — ^Timbers  blown  away  on  a  space  of  lOJ  by  12  feet  at  one  end, 
and  6  feet  at  the  other;  inside  planking  off  for  a  length  of  14  feet;  one  iron  band 
torn  up  and  one  broken ;  outside  planking  off  on  a  space  of  18  by  25  by  15  feet 

"No.  4  mine. — Timbers  blown  away  on  a  space  4  by  16  feet;  onihesidesof  this 
hole  ten  timbers  were  broken ;  two  iron  bands  tom  up  and  one  broken ;  inside  plank- 
ing off  for  a  length  of  2U  feet ;  outside  planking  off  for  a  space  of  20  by  23  by  10 
feet  and  13  feet. 

"No.  5  mine. — The  gas  sphere  of  this  mine  had  hit  the  middle  of  the  outside 
plates  on  one  of  the  angle-iron  ribs.  This  rib  was  tom  from  the  timbers  and  bent  up, 
nearly  2  feet  in  the  middle,  but  not  broken.  There  was  an  oval  hole  in  the  outside 
plates,  4  by  3  feet,  between  two  ribs,  which  ribs,  with  the  plates  on  edge  riveted  to 
them,  were  bulged  out  about  5  inches.  The  inner  plate,  one  large  piece  was  blown 
up  in  a  vertical  position,  after  having  cut  all  the  bolts  and  rivets,  sixty  of  1  inch  and 
thirty  of  |  inches,  save  those  that  fastened  the  lower  side  to  the  oaken  frame  and  timbers. 
On  a  length  of  30  feet  and  height  of  20  feet,  the  bottom,  on  all  sidesof  the  iron  con- 
struction, had  been  bent  inwards ;  the  greatest  bend  was  about  5  inches ;  three  deck 
beams  above  had  been  broken. 

"  By  the  joint  effect  of  all  the  mines,  almost  all  tlie  iron  deck  beam  knees  had  been 
rent  from  the  side,  and  there  was  an  opening  between  deck  and  hull  on  both  sides  for 
a  length  of  about  130  feet." 

Of  the  second  series  (l874r-'75),  Commander  Sleeman  states: 

"These  experiments  were  carried  out  by  the  Swedish  torpedo  authorities,  to  ascer- 
tain  the  effect  of  different  sized  charges  of  dynamite  and  gunpowder,  enclosed  in 
divers  cases,  and  exploded  at  various  distances  from  a  target  which  represented  in  all 
respects,  with  the  exception  of  the  armor,  a  section  of  the  side  of  H.  M.  S.  Hercules 
before  the  boiler  ro^m,  she  being  at  tliat  time  one  of  the  most  powerful  vessels  afloat 

"Target,  32  feet  in  length,  and  fitted  into  the  side  of  an  old  line-of-battie  ship. 
Similar  in  shape  to  a  wing  tank,  and  comprised  a  double  bottom  in  four  water-tight 
compartments,  a  wing  passage  in  two  water-tight  compartments,  and  two  large  water- 
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tight  compartments  in  rear  of  all  It  extended  from  2  feet  above  the  water-line  to  within 
about  5  feet  of  the  vessel's  keel.  The  thickness  of  the  plates  forming  the  target  were: 
Outer  bottom,  lower  portion,  ||  inches ;  part  where  torpedo  took  effect,  |  inches.    Inner 

bottom  and  wing  passage  bulkhead,  ^  inch.  Vertical  and  longitudinal  frames,  both 
solid  and  bracket,  ^  inches.     The  longitudinal  frames  were  bracket  frames,  with  the 

exception  of  the  second,  which  was  solid  and  water-tight,  with  its  outer  edge  about  8 
feet  below  the  water-line. .  The  vertical  frames,  of  which  there  were  seven,  were  placed 
4  feet  apart,  the  central  one  being  solid  and  water-tight,  the  others  being  bracket 
frames.  The  ship  was  moored  in  42  feet  of  water :  the  charges  were  detonated,  one 
fuze  being  used  in  all  but  No.  3  experiment,  when  five  fuzes  were  employed. 

^^ First  experiment — ^Torpedo,  33  pounds  of  dynamite,  enclosed  in  cylindrical  steel 
case,  no  air  space;  height  10.75  inches,  diameter  10.75  inches,  and  thickness  ^  inch. 

It  was  placed  25.5  feet  from  the  target,  opposite  No.  7  frame,  and  9.25  feet  below  the 
surface  of  the  water. 

"Effect  of  explosion:  Ship  appeared  to  be  lifted  bodily.  A  rivet  in  the  midship 
longitudinal  bulkhead  of  fore  compartment  was  loosened.  The  torpedo  was  fired  from 
the  ship,  and  the  shock  felt  was  not  very  great 

^^ Second  experiment — ^Torpedo,  47.2  pounds  of  dynamite,  in  cylindrical  steel  case, 
no  air  space;  height  12  inches,  diameter  12  inches,  and  thickness  ~  inch.    It  was  placed 

25.5  feet  from  No.  5  frame,  9.25  feet  below  the  surface  of  the  water. 

"Effect  of  explosion :  Ship  appeared  to  be  lifted  bodily.  A  leak  was  started  in 
the  outer  bottom  opposite  to  charge,  caused  by  the  loosening  of  five  rivets. 

^^Third  experiment — Torpedo,  1 12  pounds  of  gunpowder,  rifle  small  grain,  enclosed 
in  a  cylindrical  steel  case  placed  inside  an  iron  case,  with  an  air  space  all  round ;  steel 
case,  9^  by  22^  by  ^  inches;  iron  case,  33  by  25  by  \  inches.  It  was  placed  12  feet 
from  No.  5  frame,  9.25  feet  below  the  surface. 

"Effect  of  explosion:  Centre  of  ship  lifted  bodily  as  if  her  back  was  broken; 
ship  then  rolled  heavily  to  port.  On  board,  fire  engines  and  troughs  displaced  sev- 
eral feet ;  shores  and  struts  started,  showing  that  the  shock  was  considerable.  The 
outer  bottom  on  each  side  of  the  centre  dividing  plate  indented  to  a  depth  of  1  to  1  ^ 
inches ;  numerous  rivets  started,  and  some  sheared.  The  leak  was  considerable,  owing 
to  the  number  of  rivets  that  were  started.  The  strength  of  the  plates  was  not  consid- 
ered to  be  materially  affected  by  the  indentations ;  the  rivets,  239  in  number,  were 
replaced,  and  the  target  prepared  for  the  next  experiment. 

^^ Fourth  experiment — ^Torpedo,  3^  pounds  of  dynamite,  enclosed  as  in  first  experi- 
ment It  was  placed  15  feet  fiom  No.  7  frame,  9.25  feet  below  the  surface  of  the 
water. 

"Effect  of  explosion:  Ship  rolled  slightly  to  port.  A  bolt  securing  the  midship 
transverse  bulkhead  to  beam  was  sheared.    No  damage  done  to  the  target 
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"Fifth  experiment — ^Torpedo,  66  pounds  of  dynamite,  enclosed  in  a  steel  cylin- 
drical case,  DO  air  space,  13.6  by  13  by  ^  incbee.  It  was  placed  21  feet  from  No.  3 
frame,  9.25  feet  below  the  surface  of  the  water. 

"Effect  of  explosion:  A  rivet  in  outer  bottom,  above  water-line  at  fore  end  of 
target,  was  sheared.  A  few  rivets  in  outer  bottom  opposite  charge,  and  two  in  after 
compartment,  were  started,  but  no  leak  was  perceptible.  Several  shores  slightly  dis- 
placed. 

"Sixth  experiment. — Torpedo,  33  pounds  of  dynamite,  enclosed  as  in  first  experi- 
ment It  was  placed  12.75  feet  from  No.  7  frame,  9.25  feet  below  the  surface  of  the 
water. 

"Effect  of  expl(»ion :  Ship  not  lifted  as  much  as  was  the  case  in  No.  3  experi- 
ment, but  explosion  much  sharper.  On  board,  fire  engines  were  capsized  and  vertical 
shores  displaced.  Outer  bottom  opposite  charge  indented  to  a  depth  of  about  ^  inch, 
other  parts  less  bulged,  and  many  rivets  started. 

"Seventh  experiment. — Torpedo,  33  pounds  of  dynamite,  enclosed  as  in  first  experi- 
ment   It  was  placed  4  feet  from  No.  4  frame,  9.25  feet  below  the  surface  of  the  water. 

"Effect  of  explosion :  Effect  very  great ;  ship  hurled  suddenly  to  starboard.  On 
going  on  board  two  minutes  after  the  explosion  the  fore  compartment  was  found  full; 
the  after  compartment  became  full  ten  minutes  later.  Shores  and  struts  were  consid- 
erably displaced,  and  there  was  evidence  that  the  ship  had  sustained  a  severe  shock. 
Outer  bottom  injured  over  an  area  14  by  16  feet,  the  plates  being  split  in  all  directions; 
one  piece,  5  feet  square,  was  torn  completely  off,  and  an  irregular  hole  was  formed  in 
the  outer  skin  14  by  12  feet  In  the  inner  bottom  below  the  wing  passage  bulkhead 
a  piece,  6  by  9  feet,  was  blown  completely  out ;  the  wing  passage  bulkhead  was  torn 
from  the  longitudinal  frame  and  split  from  top  to  bottom.  The  inner  skin  above  the 
upper  longitudinal  frame  was  torn  from  the  latter  and  forced  in  and  upwards,  but  was 
not  otherwise  damaged.  The  vertical  bracket  frames  Nos.  3  and  4,  the  latter  opposite 
the  torpedo,  were  destroyed,  but  the  solid  frame  No.  5  was  almost  uninjured.  The 
outer  bottom,  where  it  was  not  torn  off,  was  forced  in  7  feet,  or  4  feet  beyond  where 
the  inner  bottom  had  been. 

"Eighth  experiment. — ^Torpedo,  660  pounds  of  gunpowder,  enclosed  in  a  buoyant 
cylindrical  ^-tnch  iron  case.  It  was  placed  32.3  feet  from  No.  4  frame,  29.25  inches 
(sic)  below  the  surface  of  the  water. 

"Effect  of  explosion:  The  ship  and  target  had  been  thoroughly  repaired,  and 
were  in  good  condition  when  this  experiment  was  made ;  the  ship  was  in  this  case 
moored  in  65  feet  of  water.     No  effect  was  produced  on  the  target  by  the  explosion. 

"Nin^  experiment. — ^Torpedo,  19  pounds  of  dynamite,  enclosed  in  a  cylindrical 
steel  case  with  arched  ends.  It  was  placed  10.5  feet  from  No.  3  frame,  9.25  feet  below 
the  surface  of  the  water. 
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"Eflfect  of  explosion :  Effect  produced  apparently  equal  to  that  by  No.  3  charge 
of  112  pounds  of  gunpowder  at  12  feet;  indentation  being  from  ^  to  1^  inches  in  the 
outer  skin  opposite  the  torpedo. 

^^  Tenth  experiment — Torpedo,  19  pounds  of  dynamite,  enclosed  in  a  case  similar 
to  that  used  in  the  ninth  experiment.  It  was  placed  3.3  feet  from  No.  7  frame,  9.25 
feet  below  the  surface  of  the  water. 

'* Effect  of  explosion :  Hole  produced  in  outer  skin  6.6  feet  by  2  to  5  feet;  inner 
skin  only  bulged  and  slightly  cracked  in  two  places.  Above  the  longitudinal  frame 
a  bulge  was  made  in  the  outer  skin  8  by  7  feet,  with  the  above-mentioned  hole;  below 
the  longitudinal  frame  the  indentation  was  14  by  5  feet  and  2.1  inches  deep,  with  two 
horizontal  cracks  10  by  13  feet  and  several  inches  broad. 

^^  Eleventh  experiment. — Torpedo,  112  pounds  of  gunpowder,  enclosed  in  a  cylin- 
drical case  of  ^  inch  steel,  placed  in  a  ^  inch  steel  case,  with  223  pounds  of  buoyancy. 
Ignition  effected  by  a  glass  igniting  bottle.  It  was  placed  5.75  feet  from  No.  5  frame, 
9.25  feet  below  the  surface  of  the  water. 

^*  Effect  of  explosion  :  There  was  but  little  upcast  of  water  outside  the  ship,  but 
a  great  upcast  through  the  ship.  She  immediately  lurched  to  starboard,  and  on  boarding 
her,  five  minutes  after,  the  target  was  found  full  of  water. 

''The  effect  on  the  target  was  as  follows,  above  the  second  longitudinal  frame, 
where  strengthened  by  the  wing  passage  bulkhead :  Outer  bottom  blown  away  from 
the  fourth  to  the  sixth  frames  for  a  length  of  8  feet  and  a  height  of  4^  feet,  and  bent 
in  6J  feet  Inner  bottom  bent  in  and  broken  through  between  the  fourth  and  fifth 
frames,  with  an  irregular  hole  8  feet  square,  and  between  the  fifth  and  sixth  frames  a 
similar  sized  hole.  Wing  passage  bulkhead  was  bent  in  2  to  3  inches,  and  riven  for 
a  length  of  29  feet;  in  the  water-tight  middle  bulkhead  athwartships  the  rivets  in  two 
vertical  joints  were  completely  torn  away. 

/'Between  the  second  and  third  longitudinal  frames,  and  below  the  wing  passage 
bulkhead,  both  the  inner  and  outer  bottoms  were  completely  blown  away  for  a  length 
of  12  feet  and  a  height  of  4  feet.  The  vertical  and  horizontal  frames  between  the 
two  bottoms  had  kept  their  position  unchanged,  and  excepting  that  the  bracket  plate 
by  frame  No  6  was  bent,  cracked,  and  torn  away,  the  damage  they  had  sustained 
was  limited  to  some  comparatively  slight  bending.  The  open  hole  formed  in  the 
target  measured  76  square  feet  in  outer  bottom  and  60  square  feet  in  inner  bottom. 

"Comparing  the  effect  of  this  torpedo  with  the  seventh,  33  pounds  of  dynamite, 
with  the  latter  charge  the  breach  was  made  at  the  cost  of  the  bottom  plates  as  well 
as  the  vertical  and  longitudinal  frames,  which  were  completely  torn  asunder  and 
strained;  with  the  gunpowder  charge  only  the  bottom  plates  were  broken  through, 
whilst  the  plates,  whose  directions  were  nearly  parallel  to  the  lines  of  explosive  effect, 
were  but  little  affected." 
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Twelfth  ea^eritnent. — After  thorough  repairs  the  same  tai^et  was  again  aubjected 
to  experiments  in  1876,  as  follows: 

"Torpedo,  660  pounds  of  gunpowder,  enclosed  in  a  buoyant  cylindrical  ^-inch 
Bteel  case  with  domed  ends,  and  contained  in  an  inner  ^-inch  steel  case.  It  was 
ignited  by  two  Von  Ebner  fuzes,  placed  in  a  charge  of  i-pound  of  gunpowder  aud 
enclosed  in  a  glass  bottle.  It  was  placed  5  feet  horizontally  from  the  water-line, 
23.75  feet  actual  distance  from  tai^et,  and  opposite  No.  5  (middle)  frame  of  target, 
29  feet  below  the  surface  of  the  water. 

"Effect  of  explosion:  The  ship  was  moored  in  54  feet  of  water.  She  was  lifted 
by  the  explosion,  rolled  over  to  port,  and  then  settled  to  starboard,  sundry  large 
pieces  of  timber  being  thrown  up  in  the  air.  The  outer  bottom  of  the  target  was 
broken  through  above  the  second  longitudinal  frame,  from  the  fourth  to  the  seventh 
frames  laterally,  and  from  the  top  of  the  target  to  the  second  longitudinal  frame 
vertically,  the  hole  made  measuring  about  9  feet  high  by  12  feet  wide,  or  about  lOu 
square  feet  in  area.  The  inner  bottom  was  also  broken  through  between  the  top  of 
the  target  and  second  longitudinal  frame,  and  between  the  fourth  and  seventh  vertical 
frames,  the  hole  made  being  about  75  square  feet  in  area.  Tlie  bracket  frames  within 
the  damaged  area  were  but  little  damaged.  The  wing  passage  bulkhead  was  broken 
through  opposite  to  Nos.  5  and  7  frames,  the  holes  made  being,  respectively,  18  and  17 
square  feet  in  area  Through  these  holes  the  force  of  the  explosion  had  made  its 
way  to  the  horizontal  iron  deck,  forming  the  top  of  the  target,  which  was  completely 
broken  through  a  little  abaft  No.  5  frame,  the  hole  made  measuring  about  100  square 
feet  in  area.  A  piece  of  this  iron  deck,  weighing,  with  the  iron  fastenings  attached 
to  it,  about  1,650  pounds  was  thrown  16  feet  against  the  upper  deck  beams.  The 
target  below  the  second  lon^tudinal  frame  was  comparatively  but  little  injured.  The 
outer  bottom  was  indented  and  cracked  in  one  or  two  places,  but  the  inner  bottom 
was  uninjured.  In  addition  to  the  damage  to  the  target  the  ship  herself  sustained 
serious  injury,  eleven  of  the  lower  deck  beams  with  their  knees  being  broken  (six 
being  broken  completely  across).  The  main  keel  immediately  under  the  target  was 
also  opened  at  the  scarf,  and  the  back  of  the  ship  was  apparently  broken.  The  hull 
had  given  out  laterally  to  such  an  extent  as  to  prevent  the  ship  being  taken  into  dock." 

Discussion  of  the  Scandinavian  expbhiments. — The  following  analysis  of  these 
experiments  is  based  upon  the  same  principles  and  is  subject  to  the  same  qualifica- 
tions as  that  ali*eady  given  of  the  Oberon  trials.  The  last  column  is  only  designed 
as  a  brief  summary  of  the  above  quotations,  to  which  reference  should  be  made  for 
detailed  information. 
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Andl/y9i%  of  ike  Carlscrona  experiments. 


No.  of  shot 


Explosive. 


Kind. 


First  series : 
1 


Second  series : 

1 

2 

3 


4. 

5. 
6. 


8. 


10. 


11. 


12. 


Submer- 
gence. 

(8) 


Weight. 
(C) 


Dynamite. 


.do 


.do 


.do 


do 


..do 

..do 

Rifle  powder. 


DynMnite. 

...do 

...do 


.do 


Onnpowder 
Dynamite... 


.do 


Onnpowder. 


.do 


Feet. 
7.0 

7.7 

5.7 

0.5 

7.3 


0.2 
9.2 
0.2 

0.2 
0.2 
0.2 

0.2 

20.2 
0.2 

0.2 

0.2 

20.0 


Pounds. 
18.0 

10.0 

10.0 

10.0 

13.0 


83.0 

47.2 

112.0 

88.0 
00.0 

a&o 

33.0 
000.0 

10.0 

10.0 
112.0 


Distance. 
(D) 


Feet  Inehu. 
2  2 


8 
2 


0 
0 


1.0 


2 

2 

2 

2 

20 

0 

25 

0 

12 

0 

15 

0 

21 

0 

12 

0 

4 

0 

88 

8 

10 

6 

8 

8 

5 

0 

23 

0 

.Angieftom 

nadir. 

(*) 

Mean  press- 
ure per 
square  inch. 

(P) 

o 

Pounds. 

00 

27.885 

00 

20,800 

00 

85,706 

00 

23,395 

00 

27,865 

00 

1,052 

00 

2,114 

00 

1,610 

00 

8,478 

00 

8.442 

00 

4,856 

00 

22,040 

180 

8,818 

00 

8,058 

00 

10,050 

00 

8,867 

100 

6,114 

Remarks. 


Wooden  side.     Hole  15  by  8  feet 

through  timbers. 
Wooden  side.    Hide  8  feet  •qnare 

through  timbers. 
Wooden  side.    Hcde  10.5  by  9  feet 

through  timbers. 
Wooden  side.    Hole  4  by  16  feet 

through  timbers. 
Iron  side.    Oral  hole  4  by  3  feet 

through  plates. 

No  serious  damage. 
Leak  from  loosened  riv^s. 
Ship  shaken  severely.    Many  Ht- 

ets  started. 
Ko  serious  damage. 

Do. 
Severe  shook  to  vesseL  No  serious 

injury. 
Hole  14  by  12  feet.    Both  bottoms 

ruptured. 
No  ii\Jui7  to  vesseL 
Ship  shaken  severely.    Platee  in- 
dented. 
Hole 6.5  by  2  to 5  feet.    Innerekin 

bulged  and  crushed. 
Hide  through  both  bottoms.   See 

detidled  notes. 
Hole  100  square  feet  in  outer  and 

75  square  feet  in  Inner  botUsa. 

Ship  destroyed. 


Remembering  that  the  mean  pressure  developed  by  a  large  gunpowder  explosion 
acts  for  a  somewhat  longer  time  than  one  of  equal  intensity  caused  by  an  explosive 
compound,  it  will  be  noticed  that  these  experiments  are  entirely  confirmatory  of  the 
conclusions  reached  from  the  Willets  Point  experiments  and  the  Oberon  trials  as  to 
the  measure  of  a  certainly  fatal  shock  to  a  first-class  ship-of-war — conclusions  which 
were  submitted  to  the  Board  in  print  long  before  the  results  of  these  Swedish  trials 
were  known  in  this  country. 

It  will  be  observed  that  shots  Nos.  8,  9,  and  1 1  all  subjected  the  target  to  similar 
mean  pressures,  viz,  3,90U  pounds  per  square  inch;  but  that  only  the  last  did  serious 
injury.  This  shock  is  below  the  usual  destructive  limit,  and  its  exceptional  action  in 
the  case  of  shot  No.  1 1  may  have  been  due  to  the  cause  pointed  out  on  page  38  when 
discussing  the  vertical  angular  function  in  the  equation  for  gunpowder. 

Other  MisoeUaneoiui  Szperiinents.— The  following  data,  although  usually  more  vague 
than  the  foregoing,  and  referring  to  hulls  weaker  than  those  of  modem  ships-of-war, 
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are  worthy  of  recoi'd  and  approximate  analysis.  They  are  gathered  from  various 
sources,  those  marked  by  quotations  being  reported  by  Commander  Sleeman. 

Experiments  in  England. — ^l^he  Dorothea  was  blown  up  in  Walmer  Roads  by 
Robert  Fulton  in  October,  1805.  She  was  a  strongly  built  Danish  brig  of  200  tons 
burden,  drawing  12  feet.  The  charge  was  180  pounds  of  gunpowder  ignited  under 
her  bottom  by  clock-work,  at  a  probable  distance  of  about  3  feet.  The  destruction 
was  complete. 

In  1 865  H.  M.  S.  Teipsichore,  a  wooden  sloop-of-wai-,  was  blown  up  by  Mr.  Gleorge 
W.  Beardelee,  at  Chatham,  England.  The  cliarge  was  150  pounds  of  fine-grain  rifle 
powder,  placed  on  the  bottom  of  the  Medway  in  22  feet  of  water,  at  a  distance  of  12 
feet  below  the  keel,  and  2  feet  horizontally  clear  of  the  side.  The  explosion  made  a 
hole  8  feet  in  diameter,  at  a  distance  from  the  torpedo  of  10  feet  measured  on  a  nearly 
vertical  line  over  the  latter. 

In  1874  a  special  target  was  subjected  to  trial.  It  consisted  of  "a  rectangular 
iron  case  20  feet  long,  10  feet  high,  and  8  feet  wide,  divided  into  six  compartments  by 
means  of  one  longitudinal  bulkhead  midway  between  the  front  and  rear  faces  of  the 
tai^t,  and  two  athwartship  bulkheads  equidistant  from  the  ends  of  the  target  Thick- 
ness of  front  and  rear  faces,  H  inches;  of  longitudinal  bulkhead,  ^  inch;  of  athwartship 
bulkheads,  ^  inches. 

"Torpedo,  100  pounds  of  gunpowder  enclosed  in  a  star  torpedo  case  and  fired 
by  two  detonatore.  It  was  exploded  in  contact  with  the  target,  7J  feet  below  the 
surface  of  the  water,  and  7  feet  from  top  of  target. 

"  Effect  of  explosion  on  the  target :  '  Front  of  centre  compartment  destroyed  and 
top  blown  off.  Plate  representing  inner  skin  destroyed.  Back  of  centre  compart- 
mei>t  (rear  face  of  the  target)  much  bulged  and  penetrated ;  the  hole  measured  36  by 
15  inches.  Lai-ge  portions  of  the  target  were  thrown  to  a  height  of  150  to  200  feet, 
and  from  80  to  100  yards  distance.' 

"The  effect  of  explosion  on  a  ship's  pinnace,  which  had  been  placed  16  feet  from 
and  at  right  angles  to  the  front  face  of  the  target,  with  steam  up  and  canopy  and 
shield  in  position,  was  that  a  lat^e  quantity  of  water  was  thrown  back  in  the  boat, 
putting  the  fires  out  and  filling  the  boat  up  to  her  thwarts,  but  otherwise  the  boat 
was  uninjured." 

Experiments  in  France. — A  series  of  experiments,  terminating  in  1875,  was  con- 
ducted by  the  High  Commission  for  Submarine  Defences,  to  establish  general  rules 
for  regulating  torpedo  charges.  Several  small  vessels  were  destroyed  by  gun-cotton 
or  gunpowder  at  Brest,  Boyardville,  Cherbourg,  Lorient,  and  Toulon.  The  official 
reports  of  those  experiments  are  not  available,  but  in  a  paper  prepared  by  Lieutenant 
Audic,  of  the  E^-ench  Navy,  for  the  Revue  Maritime  et  ColonitUe  (September,  1877), 


170 


SUB-AQUEOUS  EXPLOSIONS. 


certain  data  are  presented  which  render  possible  a  partial  discussion  of  these  and  of  a 
few  other  foreign  trials  not  elsewhere  reported. 

For  the  gun-cotton  experiments,  the  information  is  tolerably  complete;  but  for  those 
with  gunpowder,  the  kind  of  powder  used,  the  nature  of  the  enveloping  case,  and  the 
number  of  points  of  ignition,  all  vitally  important  elements  in  an  analysis,  are  wanting. 
This  is  specially  to  be  regretted,  because  the  size  of  some  of  the  charges  greatly  exceeds 
those  used  in  any  other  similar  experiments. 

In  default  of  information  as  to  these  importants  points,  it  has  been  assumed  that 
fine  sporting  powder  was  used,  with  a  single  point  of  ignition  and  an  envelope  of 
similar  relative  strength  to  those  used  at  Willets  Point — conditions  fairly  probable  for 
the  smaller  charges,  but  of  such  uncertainty  for  the  larger  as  to  render  the  computa- 
tions of  little  value. 

The  following  description  of  some  of  the  vessels  is  given  by  Lieutenant  Audic 
The  Prudence  had  plating  on  the  side  opposed  to  the  torpedo,  but  what  it  was  is  not 

stated  in  detail.    The  Wagram,  Fulton,  Audacious,  and  the  gunboat  are  not  described. 


Requin. — Length,         95  feet 
Express. — Length,      108  feet 

Marie. — Length,         115  feet 

Cormoran. — Length,  131  feet 

Eldorado. — ^Length,   2 1 3  feet 


breadth,  16  feet 
breadth,  20  feet 

breadth,  21  feet 

breadth,  25  feet 


draught,    4. 5  feet 
draught,    6. 6  feet 

draught,    7. 2  feet 

draught,    7. 7  feet 

draught,  IQ.  8  feet 

draught,  14. 3  feet 


breadth,  39  feet 
Prudence. — Length,    177  feet;  breadth,  49  feet 

The  meagre  facts  reported  as  to  the  injuries  caused  by  the  explosions  are  ^ven 
in  the  last  column  of  the  table  on  page  175. 

After  the  conclusion  of  the  trials  in  1875,  the  following  rules  were  adopted  by 
the  French  High  Commission  for  regulating  the  charges  of  their  ground  mines : 

French  charges  far  ground  mines. 


Depth  of  water. 

Chim-cotton. 

Gapew4cr. 

26  to  36  feet 

F(ntnd§. 

550 

•SO 

880 

1,100 

1.8M 

1.640 

Pioimdt. 

s.»o 

8,800 
4.400 

50  feet 

MfMi 

67  feet 

73feet 

Mfeet 

Experiments  in  Austria. — *'The  object  of  this  experiment  was  to  ascertain  the 
effect  of  a  very  large  charge  of  gun-cotton  exploded  at  some  distance  from  the  side 
of  a  wooden  vessel. 

"  Target,  a  wooden  sloop. 

"  Torpedo,  400  pounds  of  gun-cotton,  placed  10  feet  below  the  surface  of  the 
water,  and  24  feet  horizontally  from  the  bottom  of  the  vessel 


•  ^^tt 


T 


^- 1 


«  ^Z. 
— I 
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"  Effect  of  explosion :  Complete  destruction  of  the  vessel/' 

The  following  experiments  were  made  at  Pola,  in  1875,  "to  determine  the  effect 
of  very  heavy  charges  of  dynamite  on  an  iron  ponton  fitted  with  a  double  bottom^ 
similar  to  that  of  H.  M.  8.  Hercules." 

"  Target,  an  iron  ponton  60  feet  long  and  40  feet  beam,  with  circular  ends  and 
fitted  with  a  double  bottom,  also  a  condenser  and  two  Kingston  valves. 

^^  First  experiment — Torpedo,  617  pounds  of  dynamite.  It  was  62  feet  horizon- 
tally from  the  keel,  53  feet  actual  distance  from  the  side,  and  opposite  amidships;  40.5 
feet  below  the  surface  of  the  water,  and  20  feet  from  the  ground. 

"  Ponton :  Draught  of  water  19  feet,  and  moored  in  62  feet  of  water. 

"  Effect  of  explosion :  The  ponton  moved  away  bodily  a  distance  of  13  feet ;  a 
few  rivets  in  the  outer  bottom  were  started,  and  the  outer  skin  was  slightly  indented 
between  the  frames ;  the  maximum  indentation  being  1.5  inches.  No  other  damage 
was  sustained  by  the  hull.  Several  of  the  screws  securing  the  flanges  of  the  Kingston 
valves  were  slightly  loosened. 

^^ Second  experiment. — Torpedo,  585  pounds  of  dynamite.  It  was  placed  60  feet 
horizontally  from  the  keel,  48  feet  actual  distance  from  the  side,  and  opposite  amid- 
ships ;  36  feet  below  the  surface  of  the  water,  and  42  feet  from  the  ground. 

"Ponton:  Draught  of  water  19.5  feet,  and  moored  in  74  feet  of  water.  i::^ 

"Effect  of  explosion:  The  ponton,  which  had  been  more  rigidly  moored  than  in 
the  previous  experiment,  was  moved  bodily  away  a  distance  of  4  feet  Many  rivets 
were  loosened,  and  a  few  connecting  the  angle  irons  were  sheared ;  also,  the  outer 
skin  was  slightly  indented.  No  damage  was  done  to  the  condenser  or  Kingston 
valves." 

Experiment  in  Germany. — This  trial  was  made  at  Kiel  upon  "a  large  gunboat, 
greatly  strengthened  internally  by  solid  balks  of  timber." 

"Torpedo,  200  pounds  gunpowder.  It  was  placed  nearly  under  her  keel,  at  a 
distance  of  15  feet 

"Effect  of  explosion:  Complete  destruction  of  the  vessel." 

Experiment  in  Turkey. — ^This  trial  was  made  in  1875.  It  was  "carried  out  by 
Turkish  officers  attached  to  their  naval  school  at  Halki,  an  island  in  the  Sea  of  Mar- 
mora, about  8  miles  from  Stamboul.  It  consisted  in  destroying  a  Turkish  schooner  by 
the  explosion  of  an  100-pound  gun-cotton  mine  in  contact  with  her,  moored  in  58  feet 
of  water,  and  10  feet  beneath  the  surface." 

Experiments  in  the  United  States. — The  earlier  experiments  by  Bushnell,  Fulton, 
Colt,  and  others  were  not  reported  with  sufficient  precision  to  permit  even  an  approxi- 
mate analysis. 

The  destruction  of  shipping  during  the  late  civil  war  is  well  worthy  of  study, 
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although  details  as  to  charges,  distances,  etc.,  are  generally  unknown.  No  little  labor 
has  been  expended  in  collecting  information ;  and  the  following  list,  prepared  from  all 
available  authorities,  including  Confederate  officers  and  the  unpublished  records  of  the 
Navy  and  War  Departments,  is  believed  to  be  essentially  correct  and  complete : 

Steamers  destroyed  or  crippled  by  torpedoes  during  %e  civil  war. 


December  12, 1862. 
February  28.1883. 

July  22, 1883 

Aaguft  8, 1683 

September,  1883... 
October  6, 1883.... 

Unknown 

Do 

February  17, 1864.. 
February  17. 1884.. 

April  1.1884 

April  8, 1884 

April  9, 1884 

April  15. 1884 

Hay  8, 1884 

May  9, 1884 

June  19,1884 

August  5, 1884  .... 
October  27, 1884... 
November  27, 1884. 
December  8,1884.. 
December  9, 1884. . 
December  9,1864.. 
January  15,1885... 
February  2Q,  1885. . 

Unknown 

March  1,1865 

March  4, 1865 

March  12, 1865.... 
March  28, 1885.... 
March  29, 1865.... 

April  1,1885 

Aprill3,1865 

Aprill4.1885 

May  12, 1885 

June  6, 1885 


VeMels. 


Injured. 


Kame. 


Service. 


Class. 


Tons. 


Cairo '  U.&Navy... 

Montauk do 

lUronDeKalb....  ....do 

Com.  Barney |....do 

John  Farron '  U.S. Army  ... 

Ironsides {  U. SwNavy... 

Marion* Confederate... 

Ettiwan j do 

Housatonic U.  S  Navy i 

Fish  torpedo  boat    Confederate  .. 

Maple  Leaf U.SArmy..*.. 

Cren.  Hunter do 

Minnesota U.SNavy.... 

Eastport do 

Com.Jones do 

H.A.Weed U.SAmiy... 

Alice  Price do 

Tecnmseh U.&Navy 

Albemarle Confederate  . . 

Greyhound U. SArmy  ... 

Narcissus U.S.Navy 

Otsego .do 

Baaley do 

Patapsco do 

Osceola do 


Confederate 
¥.8.  Navy.. 


ShultEt 

Harvest  Moon  . . , 

Thome U.S. Army 

Althea !  U.8.Navy. 


Milwaukee do 

Osage do 

Roddph J. ...do 

Ida do 

Sciota 

R.B.HamUton... 
Jonquil^ , 


...do 

U.S.  Army 
U.S.  Navy.. 


Armored 

Monitor 

Armbred 

Gunboat 

Transport 

Armored 

Unarroorcd  . . . 

....do 

Sloop-ofwar . . 
Torpedo  boat .  < 

Transport 

...do 

Flag-ship 

Armored 

Gunboat 

Transport  .... 

...do 

Monitor 

Armored 

Transport .... 

Gunboat 

....do 

Tug 

Monitor 

Gunboat 

Transport  ....| 

Gunboat 

Transport 

Gunboat 

Monitor j 

....do 

Gunboat. 

....do 

....do 

Transport  ....{ 
Gunboat ! 


512 
844 
512 
513 


3,486 


1,240 

508 
460 

3,307 
800 
542 
290 
320 

1.034 

900 
101 
974 

844 
974 

546 
403 

72 
970 
523 
217 
104 
507 
400 

90 


No.  of 

guns. 

13 
2 

it 
4 
0 

18 
0 
0 

13 
0 
0 
0 

52 
8 
8 
0 
0 
2 
2 
0 
2 

10 
0 
2 

10 
0 
3 
0 
1 
4 
2 
6 
1 
5 
0 
2 


Wheie. 


Extent         Torpedo. 


Taaoo  River Destroyed  . . 

Ogaeohee  Biver Seriously  . . . 

Taxoo  River Destroyed  . . 

James  River Disabled  — 

— do Seriously    .. 

OITCharleston do * 

do Destroyed.. 

— do Seriously  ...I 

do Destroyed.. 

do do - 

Saint  John's  River do ! 

do  do 

Newport  News IntemaUy  . . 

RedRiver Sunk 

James  River Destroyed  . . 

Saint  John's  River.. do 

...  do I do....... 

Mobile  Bay ...do 

Plymouth do 

James  River do 

MobUeBay ....do 

Roanoke  River do 

....do do 

Off  Charleston do 

Cape  Fear  River Crippled j 

James  River Destroyed  . . 

Greorgetiown do    

Cape  Fear  River do » 

Blakdy  River ....do ' 

do do 

do do 

— do do j 

....do ..-..do ' 

MobUeBay ....do j 

— do do    ! 

Ashley  River Seriously  . . . ! 


Mine. 

Da 

Da 

Do. 

Do. 
Spar. 
Mine. 

Do. 
^»ar. 
Own. 
Mine. 

Do. 
Spar. 
Mhie. 

Do. 

Do. 

Do. 

Do. 
Spar. 
CoaL 
Mine. 

Do. 

Do. 

Da 

Drifting. 
Mine. 

Do. 

Do. 

Da 

Do. 

DrlftiBg. 
Mine. 

Do. 

Do. 

Do. 

Da 


*  Blown  up  accidentally  when  planting  mines  (General  Beauregard). 

t  Flag  of  truce  boat,  blown  up  accidentally  by  a  Confrderate  mine  when  returning  to  Richmond  with  exchanged  prisoners  of  war. 

t  Ii\jured  while  raising  fhune  torpedoes. 

Two  other  attempts  were  made  by  the  Confederates  to  employ  the  spar  torpedo  against  Union  vessels  of  war.  The  ilrst  ocooned  oa 
March  6, 1884,  when  the  steamer  Memphis  was  attacked  in  North  Edisto  River ;  and  the  second  on  April  19, 1864,  when  the  steam  frigate 
Wabaah  was  attacked  off  Charleston.  In  both  instances  the  vigilance  of  the  watch  and  the  promptness  of  the  officer  in  command  prevented 
the  discharge  of  the  torpedo. 

On  August  9, 1864,  three  powder  barges  lying  at  the  landing  at  City  Point  were  exploded  by  a  clock-work  torpedo  placed  on  board  ona  of 
them  by  a  spy.    The  destruction  of  life  and  property  was  ti^rribl  •. 

Earlier  in  the  same  year,  a  wharf-boat  at  Mound  City,  m.,  was  set  on  ftre  and  destroyed  in  like  manner.  It  was  600  feet  long,  and  iras 
loaded  with  stores  and  supplies  for  Admiral  Porter's  Misnissippi  H^uadron. 

In  the  following  instances  facts  have  been  secured  upon  which  to  base  an  approxi- 
mate estimate  of  the  intensity  of  the  shock. 
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In  the  attack  upon  the  Ironsides  on  October  6,  1863,  the  torpedo  contained  60 
pounds  of  gunpowder,  and  was  exploded  by  contact  agwnst  her  side — effective  dis- 
tance probably  of  2  or  3  feet.  Her  injuries,  although  severe,  did  not  cause  her  with- 
drawal from  service. 

The  attack  upon  the  Minnesota  on  April  9,  1864,  was  of  a  similar  character,  the 
charge  being  53  pounds  of  gunpowder  fired  at  a  depth  of  about  6  feet  below  the  sur- 
face. No  copper  was  torn  off  or  inequality  produced  on  the  outside  of  her  bottom, 
but  the  transmitted  shock  caused  havoc  inside  the  hull,  as  appears  from  the  following 
extract  from  the  report  of  a  board  of  survey : 

"  Port  after  shell-room :  First  and  third  fnttocks  of  two  frames  badly  sprung;  the 
diagonal  straps  sprung  off ;  the  deck  sprung,  nine  plants  being  sprung  off  from  the 
beams  about  |  inches;  the  linings  of  the  bulkhead  sprung  badly;  amidship  bulkhead 
stai-ted  inboard  about  6  inches. 

"  Spirit-room :  Forward  frame  broken ;  planking  sprung ;  second  frame  badly 
sprung;  bilge-streak  broken  and  sprung  off;  third  frame  sprung;  planking  sprung 
outward  from  timbers  about  1  inch ;  two  butts  of  second  bilge-streak  sprung  up; 
decks  started  up ;  one  deck  plank  broken  over  the  spirit-room. 

"The  centre  of  the  injury  appears  to  be  about  6  feet  below  the  surface  of  the 
water.  The  shelving  of  the  port  magazine  started;  port  steerage-bulkhead  broken; 
one  ladder  broken,  and  all  the  rest  unshipped ;  nine  deck  planks  of  port  steerage 
broken;  in  the  port  after  magazine  the  shelving  has  been  shattered;  two  butts  on 
the  gun-deck  started  upon  the  port  side  at  No.  13  gun ;  seventeen  planks  from  the 
water-way ;  two  axle-trees  on  gun-deck  broken,  and  one  on  spar-deck  broken,  of  9-inch 
gun-caniages;  two  lower  half-ports  on  spar-deck,  and  two  lower  half-ports  on  gun- 
deck  broken ;  preventive  plate  for  main-channel,  next  to  after  one,  sprung  out  about 
^  inch ;  one  of  the  bolts  of  the  crane  for  spare  spars,  in  the  main  chains,  started  1 
inch.  The  paymasters  store-rooms  in  the  cockpit  on  the  port  side  show  the  power  of 
the  concussion,  all  the  shelves  being  broken  and  disarranged.  Carefully  examined  the 
outside  of  the  ship  abreast  of  the  place  of  injury,  and  were  unable  to  find  any  of  the 
copper  torn  off,  or  any  inequalities  on  the  bottom  of  the  ship.  The  bulkhead  of  the 
shaft-alley,  abreast  of  the  shell-room,  started  inboard  about  6  inches  for  a  distance  of 
15  feet  on  the  port  side. 

"The  binnacle  on  the  quarter-deck  forward  of  the  mizzen-mast  unshipped  from 
its  pedestal  on  the  bridge  and  thrown  3  feet  towards  port  side.  Number  of  shell-boxes 
destroyed  (9-inch),  78  ;  number  of  bags  destroyed  (9-inch),  32 ;  number  of  canister 
broken  (U-iiich),  5;  number  of  sabots  and  straps  destroyed  (tf-inch),  110.  Three 
!f-inch  gun-carriages  are  disabled,  the  fore  axle-tree  of  one  being  broken  in  two  places, 
the  others  badly  sprung.     Two  elevating  screws  that  were  attached  to  the  guns  on  the 
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above  carriages  were  rendered  uBeless  by  being  bent ;  also  the  elevating  screw  of  the 
11 -inch  pivot  by  the  same  cause.  The  following  equipments  are  broken  and  rendered 
useless :  Three  9-inch  sponges,  two  9-inch  rammers,  two  ordinary  handspikes,  one  roller 
handspike ;  also,  four  tompions  and  two  reinforce  sight  aprons  missing  from  9-inch 
guns  on  port  side." 

The  torpedo  was  of  an  elongated  form  and  was  ignited  at  one  end,  thus  somewhat 
reducing  the  normal  intensity  of  action  due  to  its  distance,  which  was  probably  2  or 
3  feet 

The  Commodore  Barney  (August  8,  1863),  had  just  passed  over  the  torpedo — ^a 
large  electrical  mine,  containing  about  2,000  pounds  of  gunpowder — when  it  was  fired 
from  the  shore.  For  the  time  she  was  completely  disabled,  and  twenty  of  her  crew 
were  washed  overboard,  but  her  hull  was  not  crushed. 

The  Commodore  Jones  (May  6, 1864)  was  blown  to  fragments  by  a  similar  charge 
exploded  under  her  bottom.  The  water  was  from  5  to  7  fathoms  deep  and  the  mine 
rested  on  the  ground.  Lieutenant-Commander  Barnes  states :  '^  Suddenly,  and  with- 
out  any  apparent  cause,  she  appeared  to  be  lifted  bodily,  her  wheels  rapidly  revolving 
in  mid-air ;  persons  declared  they  could  see  the  green  sedge  of  the  banks  beneath  her 
keel.  Then  through  her  shot  to  a  great  height  an  immense  fountain  of  foaming  water, 
followed  by  a  denser  column  thick  with  mud.  She  absolutely  crumbled  to  pieces — 
dissolved,  as  it  were,  in  mid-air — enveloped  by  the  falling  spray,  mud,  water,  and 
smoke." 

The  barge  Conklin  (50  tons)  was  totally  destroyed  at  Willets  Point  in  October, 
1873.  The  charge  was  188  pounds  of  mortar  powder  contained  in  a  barrel  torpedo 
resting  on  the  bottom  in  13  feet  of  water.  The  draught  of  the  vessel  was  5  feet.  Some 
of  the  fragments  were  thrown  300  feet  into  the  air. 

The  Olive  Branch,  a  schooner  of  60  tons  burden,  was  blown  up  at  the  same  place 
in  August,  1878.  Two  charges,  each  50  pounds  of  mortar  powder,  were  suspended 
amidships  10  feet  apart  and  3  feet  below  the  hull.  The  cases  were  beer  kegs,  sub- 
merged 7  feet  in  water  15  feet  deep.  The  torpedoes  were  fired  simultaneously  by 
electricity,  and  the  destruction  was  complete.     (See  frontispiece.) 

Discmsion  of  the  miscellaneous  experiments. — ^Although  the  details  of  many  of  the^e 
experiments  are  not  known  with  sufficient  precision  to  warrant  a  close  analysis,  an 
attempt  has  been  made  in  the  following  table  to  apply  the  new  formulae  to  the  best  of 
them,  and  thus  to  determine,  approximately,  the  probable  intensities  of  action  which 
effected  the  reported  results.  The  figures  are  generally  in  perfect  accord  with  the  con- 
clusions indicated  by  the  preceding  discussions  of  the  more  exact  data.  The  excep- 
tions (two  shots  against  the  Wagram  and  one  against  the  Requin)  should  have  little 
weight — ^not  only  from  the  lack  of  details  essential  to  a  rigid  analysis  but  also 
because  the  charges  of  gunpowder  were  so  enonnous  that  much  was  probably  unbumed. 


DESTRUCTIVE   EFFECTS. 
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This  analytiis  suggests  several  important  conclusions : 

I.  Except  in  the  uncertain  and  anomalous  gunpowder  trials  upon  the  Wagram 
and  the  Requiii  (the  former  vessel  not  described,  and  the  latter  a  very  small  craft), 
in  every  instance  where  the  computed  mean  pressure  exceeded  our  adopted  standard 
of  6,500  pounds  per  square  inch  the  vessel  was  destroyed. 

II.  The  injuries  to  the  Terpsichore,  and  to  the  Conklin  and  Olive  Branch  at 
Willets  Point,  show  that  an  ordinary  wooden  hull  will  not  always  endure  an  inatan- 
taneous  mean  pressure  of  1,500  pounds  per  square  inch. 

III.  The  injuries  inflicted  upon  the  Ironsides  and  Minnesota  indicate  that  3,000 
pounds  per  square  inch  exceeds  the  limit  of  safety  even  for  a  sbxing  wooden  hull  The 
blow  received  by  the  latter  is  especially  interesting  as  fixing  her  extreme  endurance. 

ly.  The  trials  upon  the  Austrian  ponton  confirm  the  conclusions  as  to  the  efiect 
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of  a  recoil  in  the  target,  announced  on  page  136.  If  the  vessel  had  been  held  rigidly 
in  position  her  double  iron  bottom  would  have  been  severely  strained,  if  not  crushed. 

V.  The  discrepancies  exhibited  by  some  of  the  gunpowder  experiments,  and  the 
remarkable  uniformity  shown  by  those  with  gun-cotton  and  dynamite,  confirm  the 
conclusions  reached  when  testing  these  explosives  in  the  rings.  The  time  allowed  for 
combustion  is  subject  to  so  great  uncertainty  that  the  problem  may  almost  be  regarded 
as  indeterminate  for  explosive  mixtures;  aud  hence  gunpowder  should  never  be  used 
in  submarine  mining  when  it  is  possible  to  replace  it  with  an  explosive  compound. 

Conelniioiu  u  to  Effective  Torpedo  SMige.-*-The  first  point  for  consideration  in  summing 
up  this  discussion  is  whether  the  mean  intensity  of  action,  as  registered  by  the  gauges, 
is  a  true  measure  of  the  rapturing  strain  to  which  a  vessel  is  subjected  by  a  sab- 
aqueous  explosion. 

This  matter  was  carefully  considered  at  the  outset,  and  the  reasons  for  believing 
that  these  registered  compressions  truly  measure  the  shock  transmitted  from  molecule 
to  molecule  through  the  water  have  been  given  in  the  scale  discussion  at  the  beginning 
of  this  chapter.  Although  not  the  only  cause  for  the  destruction  of  the  vessel,  tliis 
molecular  action  is  believed  to  be  the  governing  one,  and,  indeed,  the  only  one  which 
can  be  submitted  to  a  mathematical  analysis,  or  which  can  be  assumed  in  any  sense 
to  bo  measurable  in  practice.  An  exceptionally  weak  IniU  may  yield  because  it  is 
traversed  by  the  line  of  least  resistance,  or  because  it  cannot  resist  the  racking  effect 
of  the  explosion ;  but  no  allowance  can  safely  be  made  for  such  contingencies  in  a 
general  consideration  of  the  problem  for  modem  ships-of-war. 

During  the  entire  progress  of  these  investigations  it  has  been  kept  steadily  in 
mind  that  experimental  data  bearing  upon  this  point  would  possess  great  value,  and 
some,  fortunately,  have  been  secured. 

Thus,  by  the  experiments  under  solid  ice  about  9  inches  thick,  we  have  seen  that, 
although  charges  and  distances  and  maximum  pressures  may  vary  within  wide  limits, 
the  line  of  fracture  will  always  occur  where  the  mean  intensity  of  action  by  the 
adopted  scale  is  about  1,700  pounds  per  square  inch. 

A  still  more  convincing  experimental  proof  of  the  accuracy  with  which  ruptures 
may  be  predicted  from  the  indications  of  the  scale  will  be  presented  in  Chapter  FV, 
when  reporting  the  trials  made  to  determine  the  dimensions  of  torpedoes  to  enable 
them  to  resist  explosions  of  their  neighbors.  Although  the  charges  of  dynamite 
varied  from  100  to  .500  pounds,  and  the  distances  within  corresponding  limits,  expe- 
rience proved  that  in  every  case  in  which  the  mean  pressure  exceeded  the  limit  of 
strength  indicated  by  other  shots,  rupture  was  sure  to  occur.  There  were  eighty-two 
experiments,  and  in  no  single  instance  did  this  rule  fail. 
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For  example,  tlie  following  results  were  obtained  with  the  earlier  models — ^the 
plain  Roman  figures  (511)  denoting  harmless  mean  pressures  per  square  inch;  those 
which  crushed  the  torpedo  being  printed  in  fnll-faced  type  (3538),  and  those  which 
caused  slight  corrugation,  in  condensed  type  (i348). 

Buoyant  model  of  1872 511,  7M,  1348,  1848,  8 S* 8. 

Bnojant  model  of  1873 514,814,848,  lOlR,  1112,  1120,1310,1368. 

Bno;ant  model  of  1875  A 1116,1345,1884,9498. 

Oround  model  of  1873  A 501,667,709,  818,940,  I098,  1309. 

Gronud  model  of  1873  B.^ 570,667,797,810,1109,  1152,  1S09. 

The  practical  value  of  this  method  of  investigation  appears  from  the  fact  that  by 
closely  analyzing  the  experiments  in  this  manner,  and  increasing  the  strength  of  the 
parts  showing  weakness,  models  have  been  devised  both  of  buoyant  and  ground 
torpedoes  which  will  resist  an  instantaneous  pressure  per  square  inch  far  higher  than 
any  pattern  reported  abroad. 

Adopting,  then,  the  indications  of  these  gauges  as  a  true  measure  of  disruptive 
intensity  of  action,  the  standard  value  may  be  inferred  from  the  data  already  dis- 
cussed, viz : 

To  disrupt  wooden  target,  say  5,000  pounds  per  square  inch. 

To  disrupt  iron  target,  say        6,500  pounds  per  square  inch. 

To  disrupt  Oberon,  say  5,5(t0  pounds  per  square  inch. 

The  iron  target  was  undoubtedly  stronger  than  the  Oberon.  Hence,  if  an  instan- 
taneous pressure  of  6,500  pounds  per  square  inch  be  adopted  as  the  measui-e  of  a  fatal 
shock  to  a  first-class  ship-of-war,  the  estimate  would  appear  to  be  certainly  safe. 

Adopting  this  value,  the  following  are  the  extreme  destructive  ranges  of  submarine 
mines  charged  respectively  with  dynamite  No.  I,  gun-cotton,  explosive  gelatine,  and 
the  best  sporting  powder.  The  latter  are  computed  both  for  one  central  fuze,  and  for 
several  fuzes  distributed  uniformly  through  the  mass,  at  the  rate  of  one  per  cubic  foot 
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The  BDiall  additional  range  obtained  by  increasing  the  chai^  of  the  ground  mine 
from  200  to  500  pounds,  and  the  greatly  increased  cost  and  difficulty  of  handling, 
have  governed  the  board  in  recommending  that  in  our  shallow  harbors  the  former 
shall  be  the  regular  service  charge.  Five  200-pound  mines  are  regarded  as  a  much 
more  serious  obstruction  to  such  a  channel  than  two  500-pound  mines. 

In  concluding  this  branch  of  the  subject  it  may  he  well  to  repeat  that  the  problem 
has  been  treated  in  the  manner  usual  with  works  of  practical  engineering.  Abstract 
theorizing  has  been  avoided,  and  experiment  has  been  made  to  enunciate  in  mathe- 
matical language  tlie  physical  laws  and  conditions  upon  which  success  depends. 

The  general  formula  for  the  extreme  destructive  range  (j^J)  of  a  submarine  mine 
charged  with  an  explosive  compound  and  acting  upon  a  first-class  ship-of-war,  which 
has  i-eaulted  from  this  investigation  and  from  winch  the  foregoing  table  has  been 
computed,  may  be  placed  under  the  following  form  for  convenience  of  application. 
In  any  particular  case,  substitute  the  numerical  values  of  ^,  E  and  G,  and  find  J. 
If  the  vessel  lies  at  this  or  at  a  less  distance,  she  will  be  desti-oyed ;  if  at  a  greater 
distance,  she  will  escape  rupture  of  the  hull.  A  submergence  of  die  charge  properly 
suited  to  its  size  is  supposed — say  not  less  than  three  or  four  feet  for  one  hundred 
pounds,  and  proportionally  greater  for  larger  amounts. 

^=^^ — 

By  this  mode  of  treatment  the  results  are  made  general.  Suppose,  for  example, 
that  the  strength  of  the  hulls  of  ships-of-war  should  be  increased.  A  corresponding 
change  in  the  constant  8,  would  indicate  the  new  requirements.  Suppose  that  some 
new  explosive  compound  should  prove  to  be  better  suited  to  the  work  than  dynamite. 
A  new  value  for  the  constant  £  in  the  general  formula  just  given,  is  all  the  change 
that  would  be  required.  It  will,  therefore,  be  comparatively  easy  hereafter  to  keep 
pace  with  modern  progress ;  but  it  must  not  be  forgotten  that  there  will  be  need  of 
constant  vigilance  and  of  systematic  research. 
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ELECTRICAL    FUZES. 

Oenerml  olaanfication. — ^Testing  apparatas. — CoetBcients. — ^Theory  of  ignition. — Standard  of  sfifety. — ^The  Abel  magnet 
faze,  mediam  tension. — ^The  Abel  sabmariue  Aise,  medinm  tension. — The  von  Ebner  fuze,  medium  tension. — 
Other  European  fuzes,  medinm  and  high  tension. — The  Beardslee  fuze,  medinm  tension. — The  Dowse  fuze, 
medium  tension. ^The  Browne  fuze  (No.  IV),  high  tension. — ^The  Mowbray  fuzes,  high  tension. — The  Qiant  Pow- 
der Company  fuze,  high  tension. — The  Smith  gold  foil  fuze. — The  Goodyear  fuze,  high  tension. — The  Hill  fuze, 
medinm  tension. — Experimental  primings. — The  Browne  compound  ftize,  hi^h  and  low  tension. — Speoial  experi- 
ments.— ^Low  tension  fuzes. — Testing. — The  wire  bridge. — ^The  priming  around  the  bridge. — Fuzes  for  the  engineer 
seryice. — Foreign  and  American  fnzes. — The  service  cut-off. — Simultaneous  ignitions,  theory  and  applications. 

The  vital  importance  of  the  fuze  in  any  system  of  submarine  mining  for  coast 
defense,  is  too  evident  to  require  demonsti-ation.  It  must  remain  submerged  for 
months  or  years  in  the  torpedo,  where  no  ocular  examination  is  possible,  and  yet  upon 
its  possessing  and  retaining  an  absolute  certainty  of  action  will  depend  the  value  of 
the  mine.  In  a  word,  the  fuze  is  the  active  agent  upon  which  the  efficacy  of  the  whole 
system  is  staked. 

An  elaborate  investigation  of  the  conditions  upon  which  its  cei1;ainty  of  action 
depends,  involving  new  apparatus  and  new  methods  of  research,  has  accordingly 
been  undertaken  at  Willets  Point.  Samples  of  every  variety  of  fuze  which  could  be 
obtained  in  this  country,  or  in  Europe,  have  been  subjected  to  careful  tests ;  the  laws 
of  ignition  have  received  mathematical  analysis  and  -experimental  verification ;  and 
the  patterns  finally  adopted  are  believed  fully  to  meet  every  requirement. 

OEVESAI  OLABBIFICATIOV. 

Electrical  fuzes  may  be  divided  into  three  classes,  viz,  low  tension,  for  use  with 
strong  electrical  currents  of  low  potential ;  high  tension,  for  use  with  condensed  sparks 
capable  of  jumping  a  sensible  air-space ;  and  medium  tension,  specially  designed  for 
magneto-electric  machines,  which  generate  electricity  characterized  by  a  potential 
higher  than  the  former  and  less  than  the  latter.  This  nomenclature  is  adopted 
because  sanctioned  by  common  use,  although  the  word  '' tension"  is  objectionable  as 
no  longer  employed  by  many  writers  on  electricity. 

Although  the  three  great  classes  are  thus  well  marked,  it  by  no  means  follows 
that  a  given  variety  of  fuze  can  only  be  ignited  by  a  particular  kind  of  electrical  gen- 
erator. While  this  is  true  for  some  varieties,  others  may  be  fired  by  electricity  under 
any  of  its  characteristic  forms.  For  example,  the  Abel  magnet  fuze,  although  belong- 
ing to  the  medium  tension  class,  is  not  unsuited  to  frictional  machines ;  and  it  may 
also  be  used  with  voltaic  currents  of  high  electromotive  force.  As  a  rule,  however, 
each  of  the  three  classes  of  generators  should  be  provided  with  a  fuze  specially  adapted 
to  it 
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Every  electrical  fuze  suitable  for  use  with  explosive  compounds  should  have:  1st, 
two  insulated  conductors  for  conveying  the  current ;  2d,  a  plug  to  receive  and  firmly 
hold  an  end  of  each  near  to,  but  not  touching,  the  other ;  3d,  a  small  priming  suit- 
ably arranged  for  ignition  at  this  point ;  and,  4th,  a  metallic  cap,  containing  a  deto- 
nating charge,  usually  of  fulminating  mercury. 

The  only  essential  difference  between  the  three  classes  Ues  in  the  manner  of  causing 
ignition.  ITie  low  tension  variety  usually  acts  by  the  heating  of  a  very  fine  wire 
uniting  the  insulated  conductors,  and  embedded  in  a  suitable  priming.  The  second 
and  third  classes  are  fired  by  the  passage  of  the  electricity  through  a  small  break  in 
the  metallic  circuit  at  this  point,  the  spark  igniting  a  sensitive  priming ;  they  differ 
from  each  other  in  the  chemical  composition  and  the  electrical  resistance  of  this 
priming. 

COVDinOVS  COMKOV  TO  ALL  FUZB& 

Reserving  the  third  of  the  above  conditions  for  future  consideration,  the  conclu- 
sions  reached  as  to  the  best  method  of  fulfilling  the  other  three  may  be  stated  at  once. 
They  have  been  formed  after  a  study  of  all  the  numerous  devices  now  exhibited  in 
the  torpedo  museum  at  Willets  Point,  coupled  with  experimental  trials  designed  to 
develop  their  merits  and  demerits. 

I.  The  insulated  conductors  should  be  flexible,  tough,  and  of  low  electrical 
resistance.  Lake  Superior  copper  wires  of  good  quality,  in  size  about  No.  20,  B.  W. 
G.,  and  of  unequal  length  (5  inches  and  7  inches,  respectively)  have  been  adopted. 

The  insulation  must  be  proof  against  deterioration  from  age,  a  condition  which 
excludes  gutta-percha  and  India-rubber ;  it  is  well  fulfilled  by  a  closely  woven  wrap- 
ping of  cotton  thread  coated  with  parafine,  or  with  beeswax,  rosin,  and  tar  boiled 
together.     The  free  ends  are  bared  for  about  1.5  inches. 

II.  The  plug  must  be  a  non-conductor  of  electricity,  not  liable  to  deteriorate 
with  time  and  exposure  to  damp  air,  nor  to  corrode  the  copper  wires.  Beech  wood, 
kiln  dried  and  coated  thickly  on  the  outside  with  Japan  wax,  well  fulfills  these  con- 
ditions. 

The  shape  must  be  such  p.s  to  render  any  contact  between  the  wires  impossible, 
and  to  clamp  them  so  firmly  that  no  accidental  strain  on  the  free  ends  can  disturb 
their  internal  adjustment.     The  form  adopted  is  the  following: 

The  plug  consists  of  three  parts:  Ist,  a  cylinder,  0.25  inches  in  diameter  and 
0.7  inches  long,  grooved  longitudinally  on  its  opposite  sides  to  receive  the  wires. 
Entirely  round  the  middle  is  a  cut  0.05  inches  deep  and  0.15  inches  wide.  The  wires 
with  their  wrapping  of  cotton  are  each  pressed  into  one-half  of  the  longitudinal 
grooves  until  they  reach  the  cut ;  they  ai-e  then  both  bent  sharply  to  the  left  nearly 
at  right  angles,  and  are  led  through  this  cut  until  they  have  passed  half  round  the 
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cylinder,  when  they  are  again  bent  at  right  angles  and  pressed  into  the  other  half  of 
the  longitudinal  grooves.  Thus  each  wire  leaves  the  plug  in  the  opposite  groove  from 
which  it  entered,  and  at  no  point  can  they  come  in  contact  with  each  other.  The 
inside  ends  of  the  wire  are  then  bared,  scraped,  cut  to  the  proper  length  (about  0.1  of 
an  inch),  and  prepared  according  to  the  class  to  which  the  fuze  belongs.  2d,  of  a 
hollow  cylindrical  cap  with  a  stout  shoulder  at  one  end,  leaving  a  smaller  liole  for  the 
passage  of  the  free  ends  of  the  insulated  wires.  This  cap  is  made  to  closely  fit  the 
solid  cylinder ;  and  the  latter,  smeared  with  glue,  is  forced  into  it  until  the  end  abuts 
firmly  against  the  shoulder,  leavmg  a  small  chamber  round  tjie  bridge  to  receive  the 
priming.  3d,  of  a  paper  disc  held  in  position  by  a  drop  of  collodion,  to  close  the  latter 
These  several  parts  are  turned  by  machinery  -to  fit  each  other  accurately,  at  a  trifling 
cost ;  and  the  whole  plug  is  solid,  strong,  and  a  perfect  protection  to  t)ie  bridge  and 
priming. 

IV.  The  detonating  cap  is  made  by  punching  a  disc  of  stout  sheet  copper  into  a 
cylindrical  form,  fitting  the  plug  closely.  The  bottom  is  solid,  and  contains  20  grains 
of  fulminating  mercury,  full  weight,  held  in  place  by  a  paper  disc  secured  by  a  drop 
of  collodion.  This  charge,  which  added  to  the  priming  amounts  to  about  24  grains, 
is  found  by  experiment  to  be  amply  sufficient  to  detonate  dynamite  in  the  shape  ot 
loose  powder,  whether  soft  or  frozen.  The  cap  is  1  inch  long  and  0.4  inches  in  diameter, 
and  entirely  encases  the  chamber  of  the  plug.  It  is  rigidly  attached  to  the  latter,  by 
applying  a  pressure  at  two  opposite  points  near  the  top  sufiicient  to  indent  them  into 
the  wood. 

The  fuze  thus  formed  is  1.4  inches  long  and  0.4  inches  in  diameter.  As  soon  as 
completed,  it  is  dipped  into  melted  Japan  wax,  which  supplies  a  uniform  water-pi-oof 
coating  to  the  whole. 

MBDIUHt  AHD  HIGH  TEV8I0H  FUZES. 

The  fundamental  distinction  between  medium  and  high  tension  fuzes  is  based 
upon  the  conductivity  of  their  priming.  For  the  former  the  electrical  resistance  is 
easily  measurable — varying  from  a  few  ohms  to  about  half  a  megohm.  For  the  latter  it 
is  usually  immeasurable  by  ordinary  methods  and  apparatus — often  exceeding  10 
megohms.  This  difference  cannot  be  ignored,  since  its  practical  effect  is  to  exclude 
high  tension  fuzes  from  use  with  voltaic  batteries  and  ordinary  magneto-electrical 
apparatus,  which  rarely  develop  enough  difference  of  potential  to  traverse  so  high  a 
resistance  in  sufficient  quantity  to  produce  ignition.  Nevertheless,  as  the  line  of 
demarcation  cannot  easily  be  drawn,  and  as  the  methods  of  testing  are  the  same  for 
both  classes,  it  is  convenient  to  treat  them  together — specifying  for  each  variety  the 
class  to  which  it  belongs. 

In  1869,  when  investigations  in  submarine  mining  were  beg\in  at  Willets  Point, 
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the  electrical  fazes  in  the  market  belonged  exclusively  to  the  high  and  medium  tension 
varieties,  and  were  chiefly  supplied  by  the  Oriental  Powder  Company  and  the  Laflin 
&  Rand  Powder  Company — ^the  former  employing  as  manufacturer  H.  J.  Smith,  of 
Cambridge,  Mass.,  and  the  latter  C.  A.  Browne,  of  North  Adams,  Mass.  Both  made 
use  of  a  modification  of  Jabez  B.  Dowse's  fulminating  copper  priming,  patented  on 
August  27,  1867,  which  is  exceedingly  sensitive  to  electi-icity.  Serious  accidents  were 
frequent — indeed,  both  of  the  makers  suffered  severely  in  their  own  persons  from 
accidents  due  to  the  over-sensitive  nature  of  their  fuzes.  Nevertheless,  as  attempts  to 
imitate  the  Abel  priming  in  this  country  had  failed,  and  as  no  safe  substitute  certain 
to  explode  had  then  made  its  appearance,  the  use  of  these  frizes  was  general. 

In  inaugurating  a  series  of  experiments  which  would  require  many  of  our  soldiers 
to  remain  for  hours  in  the  close  vicinity  of  loaded  torpedoes,  it  became  a  matter  of 
primary  importance  to  provide  a  safe  method  of  ignition. 

The  most  convenient  portable  apparatus  for  firing  at  that  date  was  the  improve- 
ment upon  the  von  Ebner  frictional  battery,  patented  by  H.  J.  Smith  in  1869.  It 
required  fuzes  of  the  high  or  medium  tension  classes  to  which  those  named  above 
belong. 

These  facts  made  it  evident  that  the  subject  of  electrical  fuzes  must  receive  early 
and  systematic  attention,  and  that  the  high  and  medium  tension  classes  should  be 
studied  first. 

In  such  an  investigation,  apparatus  for  comparing  the  sensitiveness  of  different 
primings  by  accurate  measurement  was  deemed  essential.  As  none  had  been  devised, 
or  at  least  made  public,  the  task  was  undertaken  at  once ;  and  before  reporting  the 
results  of  the  experiments,  this  testing  apparatus  will  receive  attention. 

Tetting  Apparatus. — Medium  and  high  tension  fuzes  generally  admit  of  no  individual 
test  to  determine  in  advance  their  certainty  of  action,  because  this  chiefly  depends  on 
the  chemical  nature  and  condition  of  the  priming.  The  plan  which  I  have  sought  to 
develop  involves  a  machine  by  which  known  and  gradually  increasing  charges  can 
successively  be  passed  through  this  priming.  Beginning  with  a  charge  too  small  to 
cause  ignition,  and  successively  increasing  it  by  small  known  increments  until  explo- 
sion occurs,  will  fully  test  the  individual  fuze  under  trial;  and  by  applying  this  process 
to  a  sufficient  number  charged  with  the  particular  priming  to  be  studied,  a  good  idea, 
both  as  to  its  absolute  sensitiveness  and  as  to  its  uniformity  of  action,  can  be  formed. 

Such  a  machine,  although  simple  in  theory,  was  by  no  means  easy  to  devise,  for 
the  sensitiveness  of  some  of  the  primings  required  it  to  possess  extraordinary  delicacy. 

After  careful  consideration,  I  adopted  the  idea  of  Cuthbertson's  balance  electro- 
meter as  promising  the  best  results.  Many  practical  difficulties,  not  necessary  to 
recount  here,  were  successively  overcome  before  the  requisite  degree  of  sensitiveness 
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was  secured.  The  machine  as  finally  perfected  in  June,  1871  (Plate  XX),  may  be 
described  as  follows : 

A  wooden  stand,  16  by  4.6  inches,  supports  two  uprights,  each  about  6  inches 
long.  One  is  nearly  in  the  middle  of  the  stand.  It  is  of  ebonite,  insulating  a  nickel- 
plated  brass  hemisphere,  secured,  flat  side  up,  on  its  top.  A  deep  groove  across  the 
flat  side  separates  two  little  holes,  1  inch  apart,  of  which  the  bottoms  are  plane  sur- 
faces. They  are  filled  with  pure  mercury,  and  support  the  needle  points  of  a  curved 
steel  ribbon,  secured,  near  its  middle  point,  to  a  light  aluminum  rod,  15  inches  long. 
This  rod  has  a  gilded  pith  ball  at  one  end,  and  a  little  bit  of  rounded  soft  iron  at  the 
other.  Its  total  weight,  including  the  steel  ribbon,  is  32  grains,  of  which  a  differ- 
ential only  is  to  be  overcome  when  adjusted  for  extreme  delicacy.  A  nickle-plated 
brass  arm,  projecting  from  the  side  of  the  hemispherical  ball,  supports  at  the  same 
level  a  small  nickle-plated  brass  ball,  with  a  plane  top.  When  the  aluminum  rod  is 
in  position,  the  needle  points  stand  in  the  mercury,  and  the  pith  ball  rests  on  the  top 
of  the  small  brass  ball  The  space  between  the  needle  points  and  the  pith  ball  is 
graduated  into  100  divisions,  over  which  slides  a  little  aluminum  weight  adjusted  to 
register  one  grain  when  at  the  100  mark.  When  this  weight  rests  at  zero,  the  rod  is 
to  be  accurately  balanced  by  an  ivory  slide  moving  on  its  other  half. 

Exactly  under  the  soft  iron  terminal  is  placed  the  second  upright.  It  consists  of 
a  hollow  glass  tube,  capped  by  a  nickel-plated  brass  sphere  pierced  with  a  vertical 
hole.  Contained  within  the  glass  tube,  with  one  end  slightly  projecting  above  the 
sphere,  is  a  little  magnet.  By  a  vertical  sliding  motion  which  can  be  given  to  the 
upright,  the  distance  between  the  magnet  and  the  soft  iron  terminal  can  be  regulated 
on  an  attached  scale  at  pleasure.     The  usual  distance  is  half  an  inch. 

The  projecting  arm  of  the  middle  upright  is  connected  by  an  insulated  wire  with 
a  mercury  cup  on  the  stand,  which  is  similarly  connected  with  the  positive  conductor 
of  an  electrical  machine,  made  after  the  Smith  pattern,  and  also  with  the  inner  coating 
of  a  condenser  of  which  the  other  terminal  is  put  to  earth.  Condensers  of  various 
capacity  from  0.00016  microfarads  upwards  are  employed,  all  suited  for  high  poten- 
tials.    The  negative  conductor  of  the  electrical  machine  is  put  to  earth. 

One  insulated  leading  wire  of  the  fuze  to  be  tested  is  put  to  earth,  and  the  other 
to  the  brass  ball  of  the  magnet  upright  All  sharp  ends  of  leading  wires  are  coated 
with  sealing-wax  to  prevent  leakage. 

When  the  electrical  machine  is  excited  the  positive  electricity  passes  through  the 
mercury  cup  on  the  stand  to  the  condenser,  and  charges  it  to  a  degree  proportional 
to  the  potential  of  its  free  electricity ;  the  latter  is  also  equally  distributed  over  the 
prime  conductor,  and  the  whole  apparatus  supported  by  the  middle  insulated  upright. 
When  this  potential  becomes  sufficiently  great  to  overcome,  by  the  repulsion  acting 
on  the  pith  ball,  the  inertia  of  the  aluminum  rod  (loaded  to  any  desired  degree  by 
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the  movable  weight),  the  pith  ball  rises.  The  soft  iron  terminal,  already  in  the 
magnet  field,  is  then  instantly  attracted  and  brought  by  the  magnet  into  contact  with 
the  brass  ball  supporting  it:  The  condenser  is  thus  discharged  through  the  fuze, 
which  is  exploded,  or  not,  according  to  its  degree  of  sensitiveness.  A  small  gold-leaf 
or  pith-ball  electroscope,  connected  with  the  inner  coating  of  the  condenser,  reveals 
the  proper  working  of  the  instrument  to  the  eye.  Care  must,  of  course,  be  taken  to 
avoid  any  dampness  on  the  apparatus,  and  to  move  the  handle  of  the  electrical  machine 
steadily  and  uniformly,  stopping  at  the  instant  when  the  pith  ball  begins  to  move. 

By  beginning  with  a  charge  known  to  be  too  feeble,  and  increasing  gradually  by 
small  regular  increments,  the  minimum  amount  required  to  effect  an  explosion  is  ascer- 
tained. Applying  this  test  to  a  sufficient  sample,  the  character  for  uniformity  and 
sensitiveness  of  any  lot  of  high  or  medium  tension  fuzes  may  be  determined;  and  by 
a  subsequent  repetition  any  change  caused  by  lapse  of  time  may  be  detected. 

This  apparatus  is  so  delicate  that,  although  severe  shocks  may  be  given  if  desired, 
more  than  one  hundred  successive  charges,  each  larger  than  the  preceding  by  a  definite 
quantity,  may  be  sent  through  the  human  body  before  the  senses  begin  to  take  note 
of  them. 

As  already  stated,  the  electrometer  above  described  coutains  several  successive 
improvements,  introduced  from  time  to  time  after  the  beginning  of  the  experiments ; 
and  in  comparing  the  different  tests  of  the  same  kind  of  fuze  given  in  the  tables,  it 
may  be  useful  to  know  when  these  changes  were  made. 

The  instrument  was  first  used  on  July  3,  1870.  The  movable  arm  was  then 
balanced  on  knife  edges ;  the  magnet  had  not  been  added ;  the  electricity  was  gene- 
rated by  an  ordinary  glass-plate  machine ;  and  a  Leyden  jar,  with  a  chain  connection 
between  the  knob  and  inner  coating,  was  the  only  condenser  employed. 

On  April  21,  1871,  I  discovered  tlutt  the  knife-edge  contacts  were  defective,  as  a 
glow  could  be  seen  passing  iu  the  dark.  They  were  replaced  by  the  needle  points 
plunged  in  mercury.  A  mercury  contact  for  the  down  stroke  was  also  added,  in  order 
to  check  a  tendency  to  ballot  and  thus  to  deliver  the  chaise  by  instalments.  These 
arrangements  were  first  used  on  June  1 1,  1871. 

Further  trials  showed  that  the  tendency  to  ballot  was  still  a  serious  defect,  and 
on  June  28,  1871,  the  electrometer  was  finally  perfected  by  adding  the  magnet  The 
plate  machine,  however,  continued  in  use. 

In  damp  weather  much  trouble  was  experienced  in  keeping  dus  plate  machine  in 
good  working  order ;  and,  moreover,  being  connected  with  the  opposite  coatings  of 
the  jar,  it  occasioned  a  slight  loss  of  charge  during  the  time  (about  0.4  of  a  second) 
which  was  required  for  the  movable  arm  to  perform  its  duty  after  beginning  to  move. 
This  defect  was  obviated  by  replacing  it  by  a  frictional  machine  made  to  order,  upon 
the  pattern  devised  by  H.  J.  Smith  for  his  apparatus  for  discharging  tension  fuzes  in 
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Ordinary  blasting.  The  plate  (a  disc  of  ebonite)  revolves  between  cushions  in  an  air- 
tight box  of  ebonite,  and  the  external  terminals  consist  of  small  polished  brass  knobs, 
which  permit  but  very  little  of  the  charge  to  be  dissipated.  The  leading  wires  have 
always  been  kerite-coated,  and  tipped  with  sealing-wax.  With  this  new  machine, 
which  was  first  used  on  October  25,  187^,  no  further  trouble  was  experienced. 

After  this  date  the  only  change  was  the  introduction,  in  Febiiiary,  1874,  of 
several  new  condensers  having  different  capacities,  in  order  to  facilitate  the  testing  of 
fuzes  differing  widely  in  sensitiveness.  These  condensers  were  made  by  bedding 
opposed  plates  of  tinfoil  in  soft  ebonite,  and  then  subjecting  the  whole  to  the  process 
of  vulcanization.  Being  thus  protected  from  the  air  no  film  of  moisture  could  collect 
on  the  dielectric,  as  is  often  the  case  with  a  common  Leyden  jar. 

Coeffleienti  of  th«  Beotiometer.— This  electrometer,  of  course,  registers  its  results  in 
terms  of  the  electrical  repulsion  exerted  between  the  fixed  brass  ball  and  the  movable 
pith  ball;  i.  e.,  its  natural  scale  is  entirely  arbitrary.  To  reduce  the  readings  to 
recognized  electrical  units  was  desirable  for  several  reasons,  and  it  was  accomplished 
in  the  following  manner : 

The  explosion  of  the  fuze  is  caused  by  the  passage  through  it  of  the  charge  of 
the  condenser  increased  by  the  free  electricity  distributed  over  the  insulated  part  of 
the  apparatus.  This  total  charge  is  measured  fay  the  product  of  the  sum  of  the  capac- 
ities of  the  condenser  (K)  and  of  the  insulated  surface  (K,)  expressed  in  microfarads, 
by  the  difference  of  potential  between  the  opposed  plates  (P)  expressed  in  volts.  To 
send  this  charge  through  the  fuze,  the  repulsive  force  acting  between  the  fixed  brass 
ball  and  the  movable  pith  ball  must  raise  the  weight  registered  on  the  scale  in  hun- 
dredths of  grains  (F),  increased  by  the  resistance  of  the  inertia  developed  in  the 
movable  arm  (F').  But  by  the  well-known  law  of  Coulomb,  the  repulsive  force 
between  two  bodies  similarly  charged  with  electricity  is  proportional  to  the  product 
of  their  charges,  a  product  which  in  this  case  may  be  assumed  to  be  proportional  to 
the  square  of  the  total  charge.  Hence  we  have  the  fundamental  equation  of  the 
machine : 

(40)  (K-1-K,)P  =  AVF+P' 

In  this  equation  K  and  K,  admit  of  exact  measurement,  F'  and  A  (the  latter  for 

a  given  condenser)  are  constants,  and  F  is  the  reading  of  the  electrometer  scale. 

Hence,  if  any  plan  can  be  devised  by  which  a  series  of  numerical  values  for  the  first 

member  corresponding  to  known  values  of  F  can  be  determined,  the  values  of  A  and 

F*  can  be  fouud  by  the  method  of  least  squares.     This  done,  by  noting  F,  it  will  be 

easy  to  compute  for  any  charge  which  is  sent  through  the  fuze  both  the  quantity  in 

microfEirads  and   the  potential  in  volts.     These  determinations  were  made  in  the 

following  manner : 

In  a  Thomson  reflecting  galvanometer  the  swings  of  the  beam  of  light,  coiTected 
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in  the  usual  way  for  the  reeistance  of  the  air,  etc.,  are  proportional  to  the  chaises  sent 
through  the  coils ;  *.  e.,  in  this  case  to  (R  -f-  K,)  P.  The  numerical  values  of  K  for 
any  condenser,  and  that  of  K,  as  well,  may  be  found  from  a  standard  condenser  by 
Law's  method.  By  the  same  method  the  value  of  P  (electromotive  force  in  volts)  may 
be  found  for  any  battery  by  comparing  its  swing  with  that  of  a  standard  Clark  cell 
whose  electromotive  force  in  volts  is  known. 

Hence,  by  placing  a  Thomson  reflecting  galvanometer  in  place  of  the  fuze  with 
my  apparatus,  noting  the  swings  corresponding  to  a  series  of  known  values  of  F,  and 
comparing  the  latter  with  swinga  produced  by  known  charges  of  a  standard  condenser 
expressed  in  microfarads,  the  desired  result  may  be  accomplished.  This  was  done  in 
the  spring  of  1874.* 

Several  condenaers  differing  in  capacity  were  needful  to  adapt  the  apparatus  to 
fuzes  of  different  degrees  of  sensitiveness.  A  small  Leyden  jar,  whose  inner  and  outer 
coatings  were  each  39  square  inches,  was  used  at  first,  but  after  April,  1874,  it  was 
usually  replaced  by  other  condensers  better  suited  for  so  delicate  work.  Of  these,  one 
known  as  the  mica  condenser  was  made  at  Willets  Point  by  bedding  in  para£Sne  wax 
-  two  plates  of  tinfoil  separated  by  a  sheet  of  mica.  Each  plate  contained  4  square 
inches  of  surface.  Two  other  condensers,  designated  respectively  as  No.  I  and  No. 
2,  were  subsequently  made  to  order  by  the  Laflin  &  Rand  Powder  Company,  of  New 
York.  The  former  consisted  of  two  plates  of  tinfoil  3  inches  in  diameter,  bedded  i 
of  an  inch  apart  in  soft  ebonite  subsequently  vulcanized.  The  latter  was  identical  in 
construction,  but  the  plates  were  6  inches  in  diameter.  The  capacities  of  these  four 
condensers  were  very  carefully  determined  by  comparing  them  with  two  standards 
made  in  London^-one  (half  a  microfarad)  by  Elliott  Bros.,  and  the  other  (one-third 
of  a  microfarad)  by  Warden  &  Co.  These  two  standards  differed  less  than  1  per  cent 
from  each  other,  and  the  mean  of  their  indications  was  adopted.  The  following  table 
exhibits  the  results  of  several  measurements  of  these  fuze-testing  condensers  made  at 
different  dates,  in  different  places,  by  different  observers,  and  with  widely  different 
battery  power.    The  means  are  adopted  in  the  final  reductions  now  reported : 


*  It  may  be  weU  to  leiDark  tbat  the  practical  nse  of  the  apparatus  wa«  not  delayed  ODtil  the  reaolta  of  this 
ttoalfWH  had  been  reached.  Ah  soon  as  the  electrometer  was  perfected,  and  even  before  the  final  Ibim  had  been 
adopted,  the  TariouB  fazes  in  the  market  were  tested;  origin^  priminga  were  enhmitted  to  experiment;  and  the 
manaEaotDrera  of  electrical  fazes  in  this  coautry  were  eDcoaraged  to  present  new  compositions  fbr  trial.  This  wts 
fjreqnentlj  done,  and  with  the  happiest  results ;  for  by  this  means  the  dangeruiu  fnlmiuatiug  copper  priming  wm 
replaced  b;  safe  compoaitions,  and  the  needless  sacrifice  of  life  on  the  Hooeac  tunnel  and  other  pnblic  works  wsa 
bronght  to  an  end.  Letters  from  these  gentlemen,  now  on  file  at  Willets  Point,  attest  these  facts,  and  eatablish  the 
practical  ntility  of  a  systematic  study  of  the  problem.  The  natural  scale  of  the  eleotrometet  was  employed  in  this 
work;  i.  «.,  the  fusee  were  compared  by  the  electrical  repulsion  in  handredthsof  grainalroy  needfol  to  send  acharp 
anlBoiently  large  to  cause  their  explosion. 
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The  determination  of  the  numerical  values  of  the  constants  A  and  ¥"  in  equation 
(40)  by  sending  successive  charges  through  the  coils  of  a  Thomson  galvanometer  placed 
in  the  circuit  designed  for  the  fuzes,  was  an  operation  of  extreme  delicacy;  but  it 
was  successfully  accomplished  with  the  efficient  assistance  of  officers  of  the  Battalion 
of  Engineers.  The  galvanometer  was  a  very  good  one,  made  by  Elliott  Bros.,  of 
London,  and  had  a  resistance  of  5753  ohms  at  19°  Centigrade.  For  each  adjustment 
of  the  weight  on  the  movable  arm  of  the  electrometer,  from  ten  to  fifteen  successive 
charges  were  sent  through  the  galvanometer.  The  corresponding  mean  number  of 
divisions  passed  over  by  the  beam  of  light  (corrected  for  the  resistance  of  the  mr) 
was  adopted,  and  is  reported  in  the  following  table — which,  therefore,  includes  the 
results  of  over  600  separate  measurements.  The  observations  were  begun  in  each 
case  at  the  zero  of  the  electrometer  scale,  and  were  continued  up  to  the  limit  of  the 
scale  for  measuring  the  swings  of  the  beam  of  light     No  shunt  was  used. 

The  figures  in  the  columns  of  the  following  table  headed  "  Computed  swings," 
are  those  given  by  the  formulse  deduced  below ;  and  attention  is  invited  to  the  close 
accordance  between  them  and  the  observations — which  is  also  exhibited  to  the  eye 
on  Plate  XXL  The  columns  headed  "No  condenser,"  exhibit  measurements  made 
to  determine  the  charges  due  to  the  insulated  surfaces  of  the  apparatus  with  no  con- 
denser attached.  The  columns  relating  to  the  Ley  den  jar  will  be  explained  below: 
Oh^rvationa  for  condenter  constants. 
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Observations  for  condenser  constants — Gontinaed. 


Electrometer 
reading. 

No  condenser. 

Condenser  Na  1. 

Condenser  Ka  2. 

Jar  and  chain. 

• 

Jar  and  wire. 

Obe. 
swing. 
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awing. 

Dift 
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DifL 
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swing, 
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The  manner  in  which  the  formulae  were  derived  from  these  observations,  is  next 
to  be  considered.     The  discussion  of  the  data  for  the  apparatus  without  a  condenser 
and  with  condensers  Nos.  1  and  2,  oflFered  no  peculiar  difficulty,  and  they  will  be 
treated  first. 

It  is  apparent  that  the  constant  F'  in  equation  (40)  depends  for  its  value  upon 
the  resistance  offered  by  the  inertia  developed  in  the  movable  arm  when  exactly  bal- 
anced. As  this  arm  weighs  only  32  grains,  and  is  supported  on  two  needle  points, 
such  a  quantity  is  too  small  to  be  directly  measured.  It  was  thought  best,  therefore, 
to  treat  it  as  an  unknown  quantity  in  each  case,  and  to  adopt  the  mean  of  the  three 
values  resulting  from  the  analysis.  There  are  then  two  unknown  constants,  F'  and 
A  (the  latter  for  each  condenser),  to  be  determined  from  these  observations. 

Since  the  first  member  of  equation  (40)  is  directly  proportional  to  the  swings  of 
the  beam  of  light  (S),  it  may  be  temporarily  replaced  by  that  quantity,  A  becoming 
A,;  giving: 


(41)  SzzA,  VF  +  F. 

The  first  step  was  to  deduce  the  most  probable  values  for  A,  and  F  from  the 
several  recorded  values  of  S  and  JF.     For  this  purpose,  the  equation  was  put  under 
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the  following  form,  suitable  for  applying  the  method  of  leaat  squares,  A„  representing 


;> 


a;- 

S«  A,,  -  F  -  F  =  0. 
There  are  six  equations  of  condition  for  the  apparatus  without  a  condenser,  the 
last  based  on  double  the  usual  number  of  observations;  twenty-two  equations  for 
condenser  No.  1 ;  and  sixteen  equations  for  No.  2.     The  following  are  the  several 
normal  equations,  and  the  resulting  values  of  the  constants. 

Without  a  condenser. 

4,241,437,81 1  A,,  —  136,175F  —  10,698,050  =  0. 
136,175A,,  —  7F  —  340  =  0. 
Hence:  A,  =  19.7. 

F  =  1.09. 


Hence : 


Condenser  No.  1. 
552,362,376,918A,,  —  2,613,004F  —  76,328,586 
-  2,6 1 3,054A,,  —  22F  —  361=  0. 

A,  =  84.9. 
F  =  0.11. 


=  0. 


Hence : 


Condenser  No.  2. 
1 ,289,004,333,943A,,  —  3,866,911F  —  43,819,136  =  0. 

3,866,911  A,,  —  16F  — 129  =  0. 

A,  =  167.4. 

F  =  0.558. 

Remembering  that  the  unit  of  the  electrometer  scale  is  one  hundredth  of  a  grain 
Troy,  these  three  deduced  values  of  F'  (1.09,  0.11,  and  0.558)  are  sensibly  the  same 
quantity ;  and  the  mean,  0.6,  was  accordingly  adopted.  Substituting  this  value  in 
equation  (41),  the  corresponding  values  of  A,  were  directly  computed  for  each  obser- 
vation, and  a  mean  of  the  results  for  each  condenser  was  adopted;  giving  the  follow- 
ing equations  for  the  swing  of  the  beam  of  light  for  any  desired  value  of  F. 

(42) 

(43) 

(44) 


Without  a  condenser,    S  =    19.8  a^F  -f-  0.6. 
With  condenser  No.  1,  S  =    83.8  VF  +  Oe. 


With  condenser  No.  2,  S  =  167.9  VF  +  0.6. 

The  remarkable  precision  with  which  these  formulae  represent  the  observations, 
already  shown  by  the  foregoing  table,  is  also  exhibited  to  the  eye  by  Plate  XXI ; 
and  the  result  of  the  analysis  certainly  leaves  nothing  to  be  desired.  The  next  step 
is  to  translate  the  swings  of  the  beam  of  light  into  microfarads. 

Denote  by  Q  the  quantity  of  electricity,  or  the  amount  of  the  electric  charge 
expressed  in  micrpfarads ;  by  K ,  the  capacity  of  the  condenser,  and  by  K, ,  the  capac- 
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ity  of  the  insulated  part  of  the  electrometer  apparatus,  both  expressed  in  microfarads; 
by  P,  the  diflference  in  electrical  potential  which  causes  the  passage  of  the  charge 
through  its  circuit,  expressed  in  volts  ;  and  by  B,  a  constant.  Then,  since  the  swing 
of  the  beam  of  light  (S)  is  directly  proportional  to  the  charge  traversing  the  galva- 
nometer coils,  we  have  for  any  condenser  (detached  from  the  apparatus)  : 

Q  =  KP  z=  BS. 

In  this  expression  B  is  a  constant  for  any  particular  setting  of  the  magnet  of  the 
galvanometer ;  land  its  numerical  value  can  be  directly  determined  by  observing  the 
swing  corresponding  to  any  known  values  of  K  and  P. 

But  immediately  after  the  foregoing  observations  with  each  condenser  had  been 
completed,  and  before  any  change  had  been  made  in  the  position  of  the  magnet  of 
the  galvanometer,  observations  were  made  to  determine  this  value,  accurately,  by 
using  the  standard  half-microfarad  condenser  charged  successively  by  batteries  of 
measured  and  widely  diflferent  electromotive  force.     Thus : 

For  the  setting  used  with  condenser  No.  1  (April  3,  1874): 

B  =  »4X^  =  0.002141 
For  the  setting  used  with  condenser  No.  2  (April  27,  1874): 

B  =  ^^}^J}^'^  -  0.002376 
46,200 

B  =  ^-^  ^ oo^^^  =  0.002323 

B  =  Q-5  X 5836      0.002372 
1230 

Mean  value,  0.002357 

For  the  setting  used  with  the  insulated  part  of  the  apparatus  (March  3,  18.9): 

B=-2^^^_|M.=  0.001966 
1 64.750 

B_  0.5X228  _ 


57,900 


=  0.001969 


B  = 


_  0.5  X  415  _ 


105,500 


z=  0.001967 


g_  05^^456  _^Q^jgg^ 

Mean  value,  0.001967 

All  the  data  needful  for  transforming  the  equations  for  the  swings  of  the  beam  of 
light,  already  deduced,  into  equations  of  which  the  units  are  microfarads  and  volts, 
have  now  been  obtained.     Thus,  equation  (41)  becomes : 

(45)  Q  =  (K  +  K,)P  =  BS  =  BA,  VF  +  F". 
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And  substituting  the  numerical  values  of  fi  and  A,  and  F^,  and  reducing: 

(46)  Without  a  condenser,    Q  =  K,P  =  0  03896  \/F  +  0.6. 

(47)  With  condenser  No.  1,  Q  =  (K  +  K,)  P  z=  0.1794  VF  +  0.6. 

(48)  With  condenser  No.  2,  Q  =  (^K  +  K,)  P  =  0.3962  VF +  06^ 

These  equations  express  in  microfarads  the  quantity  of  electricity  sent  through 
the  circuit  for  any  reading  (F)  of  the  scale  of  the  electrometer ;  which,  it  will  be 
remembered,  is  graduated  in  hundredths  of  a  grain  Troy.  To  transform  them  to 
express  the  difference  of  potential  which  causes  the  charge  to  traverse  the  circuit,  it  is 
only  needful  to  substitute  the  numerical  values  of  K  and  K^,  given  in  the  table  on 
page  187,  and  reduce.     Thus: 

(49)  Without  a  condenser,  P  =  254.7  VF  +  0.6. 

(60)  With  condenser  No.  1,  P  =  529.1   VF'+aeT 

(61)  With  condenser  No.  2,  P  =  552.9  VF  +  0.6. 

The  values  of  the  coefficient  of  the  radical  in  these  equations  illustrate  the  impor- 
tance of  using  a  condenser  with  my  electrometer.  It  fulfills  two  objects :  (1)  it  holds 
the  chai'ge  bound,  so  that  the  loss  during  the  instant  which  intervenes  between  the 
starting  of  the  movable  arm  and  its  closing  the  circuit  is  reduced  to  a  minimum ;  (2) 
it  tends  to  cause  a  uniform  increase  of  the  charge  as  received  from  the  frictional 
machine,  thus  preventing  the  apparatus  from  acting  by  pulsations. 

From  the  principle  of  the  instrument,  the  size  of  the  jar  can  have  nothing  to  do 
with  the  potential  which  causes  the  discharge ;  i.  c,  the  coefficient  of  the  radical  in 
these  equations  should  be  a  constant.  That  the  observations  show  it  to  be  so,  is  evi- 
dent from  the  values  deduced  with  the  three  different  condensers  (the  last  to  be  subse- 
quently explained),  viz: 

Condenser  No.  1 ;  capacity,  0.000186;  coefficient,  529.1 
Condenser  No.  2 ;  capacity,  0.000537 ;  coefficient,  552.9 
Leydenjar;  capacity,  0.001400;  coefficient,  528.7 

Mean,       536.9 
Adopting  this  mean,  we  have  for  the  general  potential  equation  applicable  with 
any  condenser : 

(52)  Pzz 536.9  VF+0:6: 

A  comparison  of  this  equation  with  equation  (49)  exhibits  the  combined  effect 
produced  by  the  two  causes  above  mentioned.  Accordingly,  the  apparatus  has  never 
been  used  without  a  condenser,  except  in  testing  a  few  fuzes  made  with  a  priming  so 
sensitive  to  electi-icity  as  almost  to  exceed  belief.  For  these  fuzes,  the  instrumental 
irregularities  were  fairly  corrected  by  the  manner  in  which  equation  (46)  and  equa- 
tion (49)  were  deduced. 
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It  is  evident  that  equation  (52)  iDdicattis  a  mode  of  severely  testing  the  precision 
of  the  foregoing  analyses ;  for  when  F  is  0.4,  P  becomes  536.9  volts,  and  hence,  if 
the  poles  of  a  battery  having  this  electromotive  force  were  connected  with  the  two 
terminals  of  the  apparatus,  motion  should  take  place.  .  This  experiment  was  tried  with 
a  battery  having  an  electromotive  force  of  about  630  volts,  and  the  result  verified  the 
theory. 

It  only  remains  to  deduce  the  equations  applicable  to  the  mica  condenser  and  to 
the  Leyden  jar. 

The  former  was  used  only  a  few  times  before  it  was  injured  by  an  accident ;  and 
no  discharge  observations  were  made  with  it  and  the  galvanometer.  Its  capacity  was 
measured  on  February  14,  1874;  and  it  differed  so  little  from  that  of  condenser  No. 
2  tliat  the  same  equation  may  be  adopted  for  both  of  them.  This  is  evident  from  tlie 
fact  that  these  capacities  were  respectively  0.000563  and  0.000537  microfarads,  giving 
a  ratio  practically  unity,  viz: 

0.000563  +  0.000153      .  ,,„^ 
0.000537  +  0.000153"    '       " 

The  Leyden  jar,  as  already  stated,  was  used  in  all  the  measurements  prior  to 
March  30,  1874,  and  occasionally  afterward.  Hence,  to  determine  its  equation  accu- 
rately became  a  matter  of  importance;  but  a  vexatious  difficulty  was  encountered  at 
the  outset  As  usual,  the  knob  was  connected  with  the  inner  coating  of  tin  foil  by  a 
brass  chain  resting  upon  the  latter.  On  attempting  to  measure  the  capacity,  it  was 
discovered  that  this  contact  was  too  imperfect  to  be  passed  by  the  voltaic  current, 
and  it  was  necessary  to  insert  an  elastic  wire  spiral  before  the  work  could  be  done. 
This  mechanical  detail  was  a  matter  of  no  importance ;  but  when  the  charge  was  sent 
by  the  electrometer  through  the  galvanometer,  an  extraordinary  difference  was  devel- 
oped between  the  two  arrangements  for  the  contact  With  the  chain,  a  large  part  of 
the  smaller  charges  used  in  these  investigations  remained  in  the  jar,  and  did  not  trav- 
erse the  external  circuit  at  all  I  This  is  exhibited  so  plainly  by  the  eleventh  and 
fourteenth  columns  of  the  table  on  page  187,  that  the  fact  requires  no  further  demon- 
stration.    How  to  deduce  a  satisfectory  correction  did  not  at  first  sight  appear  easy. 

The  first  step  was  to  deduce  a  formula  for  the  swing  of  the  beam  of  light  when 
the  Leyden  jar,  with  a  good  wire  contact  between  ita  knob  and  inner  coating,  was 
used  with  the  electrometer.  An  attempt  to  deduce  this  equation  by  direct  trial  failed, 
because  the  capacity  was  so  large  that  observations  could  not  be  made  when  the 
electrometer  reading  exceeded  unity ;  and  even  at  zero  and  unity  the  motion  was  so 
excessive  as  to  give  results  discordant  among  themselves.  In  other  words,  the  gal- 
vanometer was  too  sensitive  for  the  above  method,  with  so  lai^e  a  condenser. 

When  the  equations  with  condensers  No.  1  and  No.  2  were  deduced,  the  positions 
of  the  magnet  had  been  made  as  closely  as  possible  identical ;  and  a  comparison  between 
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the  coefficients  of  die  radical  shovred  them  to  be  nearly  proportional  to  the  capacity 
(K  +  K,).  Thus,  for  F  =  0.4,  equation  (43)  becomes  S  =  83.8  ;  and  equation  (44) 
S  =  167.9.    The  ratio  of  these  quantities  is : 

167.9 


83.8 


=  2.004. 


The  ratio  between  the  corresponding  capacities  is : 

0.000537  +  0.000153  _  ^  o«k 
0.000186  +  0.000153"    ' 

This  verification  of  what  theory  would  indicate  made  it  proper  to  compute  the 
value  of  the  coefficient  of  the  radical  in  the  equation  for  the  swing  of  the  beam  of 
light  with  the  Leyden  jar,  from  the  known  capacities  and  from  the  coefficients  for 
condensers  No.  1  and  No.  2.    Thus,  from  the  former  it  would  be : 

0.001400  +  0 000163  v.  aa  a _  aoA 
0.000186  +  0.000153  ^  ^"^'^  "  '*^^- 

And  from  the  latter : 

0.001400  +  0.000163  w  i  «7  o  _  070 
0.000537  +  0.000153  ^  ^^^'^  "  '^^^' 

The  mean,  or  381,  was  adopted,  giving: 

(fi3)  With  Leyden  jar  and  wire,  S  zz  381  VF  +  0.6. 

This  equation  accords  sufficiently  well  with  the  few  direct  observations  to  bring 
its  indications  within  the  limits  of  error  due  to  magnet  adjustment,  as  is  shown  by 
the  table  on  page  187. 

The  corresponding  value  of  B  was  as&umed  to  be  0.002155,  the  mean  of  the 
three  measured  values  given  above.  Hence,  for  the  quantity  and  potential  equations 
of  the  apparatus,  with  the  Leyden  jar,  and  a  good  wire  contact  between  the  knob  and 
inner  coating : 

(54) 
(55) 


Q  =  (K  +  K,)  P  =  0.821  VF  +  0.6. 


P  =  528.7  VF  + 0.6. 

These  equations  compare  well  with  those  for  the  other  condensers,  and  may  safely 
be  considered  to  apply  to  the  few  observations  made  when  the  wire  was  inserted  in 
the  jar.  How  to  deduce  the  more  important  formula  for  Q  when  the  chain  contact 
had  been  used  remains  to  be  considered. 

The  observations  in  the  table  on  page  187  show  that  the  effect  of  this  bad  contact 

had  been  to  cause  the  retention  of  a  portion  of  the  charge  in  the  jar,  thus  in  effect 

reducing  its  capacity  by  an  amount  varying  with  the  potential.     The  first  step  was 

to  compute  from  these  observations  what  had  been  the  capacities  actually  available. 
No,  23 25 
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This  waa  done  by  substituting  for  S  in  the  following  equation,  each  tAserved  swing, 
with  the  corresponding  value  of  F,  and  computing  the  value  of  K.  The  equation  is 
found  by  transforming  equation  (45)  and  substituting  the  numerical  values  of  the 
constants  given  above. 

528.7  VF  +  0.(i 
The  following  table  exhibits  the  effective  values  of  K  thus  found  (K'),  and  the 
actual  loss  of  capacity  (m),  both  expressed  in  microfarads : 


F  =  0 

S=  25 

K' 

=  -  0.000022 

mz=  0.001422 

1 

122 

+  0.000182 

0.001218 

2 

183 

+  0.000310 

0.001090 

3 

278 

+  0.000444 

0.000966 

4 

444 

+  0.000691 

0.000709 

5 

544 

+  0.000784 

0.000616 

Considering  the  figures  in  the  last  column,  and  the  theoretical  conditions  which 
must  be  fulfilled,  the  loss  (m)  evidently  diminishes  aa  F  increases,  nearly  as  theordi- 
nates  of  a  curve  which  may  be  represented  by  the  equation  : 

y 

F  +  a; 
But  when  F  is  zero,  the  true  value  of  m  must  be  0.0014 — since  in  no  case  can  it 
exceed  that  quantity  as  indicated  by  the  above  figures.     Hence: 


Substituting  this  value  of  x,  we  hav^ : 


_  0.0014  Fm    ■ 
■'"0  0014-»i 

Substituting  in  these  equations  the  several  corresponding  values  of  m  and  F, 
derived  from  the  last  table,  and  taking  a  mean  of  the  resulting  values  of  y,  we  fiiwl 
by  reduction : 

y  =  0.0075 
a:  =  5.357 
Hence: 

0.0076 

F  + 5.367 

Finally,  introducing  Ihia  term  into  equation  (64)  and  reducing,  the  folloning 
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equations  for  the  apparatus  when  the  Ley  den  jar  with  the  chain  connection  was  used, 
result : 


(56) 

S  = 


(0.82I-y  I'll^)  VF+0.6. 


0.002155 


(57)  Q  =  (0.821 -p^\vP+a6: 


A  comparison  of  the  indications  of  equation  (56)  with  the  observations  is  exhibited 
in  the  table  on  page  187,  and  also  shown  to  the  eye  on  Plate  XXI.  The  accordance 
is  so  close  as  to  give  confidence  in  the  success  of  this  analysis,  which,  as  will  appear 
hereafter,  is  fully  borne  out  by  comparative  fuze  tests  with  this  and  the  other  con- 
densers. 

This  terminates  the  discussion  of  the  constants  of  my  fuze-testing  electrometer ; 
and  when  it  is  remembered  that  many  of  the  charges  employed  in  deducing  them 
were  so  small  as  to  be  quite  inappreciable  to  the  sense  of  touch,  the  study  furnishes  a 
beautiful  illustration  of  the  precision  of  the  modern  system  of  electrical  measurement, 
rendered  possible  by  the  invention  of  Sir  William  Thomson's  reflecting  galvanometer. 
My  apparatus  proved  to  be  by  no  means  too  delicate;  for  its  most  careful  adjustments 
were  needed  in  testing  the  Jarge  class  of  dangerously  sensitive  fuzes,  now  fortunately 
banished  from  our  market,  in  part  through  its  agency. 

Theory  of  IgnitioiL— The  theory  usually  accepted  for  the  ignition  of  high  tension 
and  medium  tension  fuzes  is  that  the  heat  generated  by  the  passage  of  the  spark 
through  the  priming  raises  the  temperature  sufficiently  to  produce  explosion.  This 
view  rests  entirely  upon  analogy,  no  attempt  having  been  made  to  verify  it  by  experi- 
mental research ;  indeed,  without  suitable  apparatus  specially  designed  for  the  purpose 
no  precise  analysis  of  the  problem  would  be  possible. 

Some  classes  of  these  fuzes  are  so  excessively  sensitive  to  electrical  disturbance 
that,  for  them  at  least,  it  is  not  easy  to  accept  this  theory.  A  person  placed  in  the  same 
circuit  experiences  no  sensible  shock  from  charges  greatly  exceeding  the  minimum 
required  to  explode  them.  An  ebonite  comb  passed  a  few  times  through  the  hair  of  a 
child  holding  one  of  the  terminal  wires,  the  other  being  insulated  in  the  air,  generates 
a  current  quite  sufficient  to  fire  the  priming  On  one  occasion  at  Willets  Point  (July 
15,  1871)  fifty  of  these  fuzes  connected  in  series  were  hung  upon  nails  driven  in  the 
sides  of  a  wooden  shed,  and  the  induction  of  an  ordinary  thunder  cloud  caused  the 
explosion  of  five  of  them — every  fuze  which  touched  a  nail. 

It  seemed  desirable  to  study  experimentally  the  probable  explanation  of  ignitions 
due  to  so  slight  apparent  disturbances  of  electrical  equilibrium,  and  more  generally 
to  investigate  the  laws  governing  the  explosion  of  the  two  classes  of  fuzes  now  under 
consideration. 
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As  already  seen  the  apparatus  described  above  renders  it  easy  to  measure  both 
the  qaantity  of  electricity,  Q ,  and  the  corresponding  difference  of  potential,  F,  which 
cause  the  explosion  of  a  tension  fuze ;  and  also,  by  changing  the  condenser,  to  deter- 
mine the  effect  of  varying  the  numerical  value  of  the  poten^al  factor.  But  Joule's 
law  for  the  heat  (H)  generated  by  a  current  of  electricity,  of  which  the  electromotive 
force  is  £,  and  the  strength  is  C,  traversing  a  circuit  of  which  the  resistance  is  R,  in 
the  time  T,  is : 

H  =  CRT  =  QCR  =  QE  =  QP. 

Hence,  if  the  theory  that  tlie  explosion  ia  due  directly  to  the  rise  in  temperature 
caused  by  the  heat  developed  by  the  passage  of  the  spark  be  true,  we  must  have  the 
product  QP  nearly  constaut  with  different  condensers. 

Experiments  were  made  to  supply  data  for  applying  this  test  Before  considering 
them,  however,  it  may  be  well  to  invite  attention  to  one  important  difference  between 
medium  and  high-tension  fuzes.  The  former  oppose  so  small  a  resistance  to  the  pass^re 
of  the  spark  that-  a  relatively  small  difference  of  potential  may  safely  be  assumed  to 
be  sufficient  to  force  the  charge  through  the  priming.  With  high-tension  fuzes,  which 
oppose  an  enormous  resistance,  no  such  assumption  is  legitimate.  Their  primings 
constitute  an  absolute  break  of  continuity  in  the  circuit  This  difference  between  the 
two  classes  ia  indicated  to  the  eye  by  the  electroscope  used  with  my  electrometer 
With  medium-tension  fuzes  and  small  potentials,  the  balls  drop  instantly;  with  high- 
tension  fuzes,  up  to  a  certain  point,  they  fall  gradually.  Hence,  with  the  latter  class 
it  is  absolutely  necessary  to  create  a  difference  of  potential  sufficient  to  force  the  spark 
through  the  priming  before  explosion  can  occur.  With  a  large  condenser  this  may 
imply  a  charge  larger  than  is  absolutely  needful  to  came  eccploaion ;  and  hence,  for  them 
the  minimum  charge  can  only  be  determined  by  using  a  smalt  condenser  with  its  rela- 
tively large  difference  of  potential;  in  other  words,  it  is  necessary  with  high-tension 
fuzes  that  the  factor  P  in  the  product  (K  -f  K,)  P  =  Q  shall  be  large  enough  to  force 
the  charge  through  the  priming  before  it  can  be  considered  certain  that  the  minimum 
exploding  charge  has  been  determined. 

Bearing  this  principle  in  mind,  three  different  fuzes  were  selected  for  the  trial — 
the  Abel  magnet  fuze,  aa  a  fair  sample  of  the  medium-tension  class  (resistance  about 
100,000  ohms  when  measured  with  six  Leclanchi?  cells);  the  Giant  Powder  Company 
fuze,  as  the  representative  of  a  rather  sensitive  high-tension  variety  (resistance  exceed- 
ing ten  megohms);  and  the  Browne  No.  IV,  as  a  good  type  of  a  safe  high-tension  fuze 
(resistance  similar  to  last).  The  following  table  exhibits  a  summary  of  the  results, 
each  figure  being  the  mean  of  from  ten  to  twenty  independent  measurements  which 
accorded  well  with  each  other: 
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Tension  Juzes. 

CONDITIONS  OF  IGNITION. 


Fuxea  tested. 


Without  condenser. 


With  condenser  No.  1. 


With  condenser  No.  2. 


Failed. 


Exploded. 


FaUed^ 


Exploded. 


P. 


iCr.       roU».  .  Mf. 


Abel: 

1874 

1879 

Means 

O.  P.  Co. 
1879 


roU$.   I  Mf- 


0.99 


P. 


Vout.  '  icr. 


2,976 


0.99 


0.35 


2,274       0.38 


B.NO.IV 
1874.... 
1874.... 
1874.... 
1879... 


I 


Means 


2,976 


1.14 


FaUed. 


Exploded. 


Withjar  and  chain. 


Failed. 


P.  Q. 


YoUt. 


3.411 


Q. 


M/. 


1.36 
1.07 


2,468      0.46  1    1,372 


1.14 


0.52 


1. 92      5. 756 


L62 
I  1.91 


4.833 
5,106 


I  1. 82  ,    5, 282 


2.02 
1.69 
1.96 


1.90 


3,411    I  1.22 


1,551       1.00 


VoUt. 


Mf. 


1,847       1.42 
1,444    ;  1.23 


1, 645       1. 33 


Q. 


YotU. 


1,917 


^f. 


1.11 


1,671    I  0.87 


P. 


VoUt. 

1,317 
1,168 


Exploded. 


Q. 


P. 


Mf.  I    Foltt. 


1.28 
1.17 


1.422 
1,376 


1,794 


5,989 
5,066 
5,260 


1.79 

•  •  •  - 

1.95 
2.16 


1, 354       1. 10       1, 482 


0. 


1.240 


1.22 


1.15      1,321    ,  1.33 


5,438    I  1.97 


2,446 

2,771 
2,930 


1. 87      2, 542    I  2. 24      1,  964      2. 36 
2. 25  !    1, 992 


2.716 


2.01  ,    2,873 
2.32  ;    8,146 


2.07 


2,854 


1. 77      1, 712 


2.09  I    1,896 


2.37 

•  •  •  • 

2.07 


2.27 


1.399 


1,444 


2,057 
2,063 

1.880 


2,000 


To  exhibit  these  comparisons  graphically  they  have  been  translated  into  swings 
of  the  beam  of  light  by  the  foregoing  formulae,  and  plotted  in  dotted  lines  on  Plate 
XXI.  For  example,  to  explode  the  Abel  firze  required  0.39  grains  of  repulsion  with 
condenser  No.  1 ;  0.09,  with  condenser  No.  2 ;  and  0.06,  with  the  jar  and  chain,  the 
corresponding  swings  with  the  galvanometer  being  in  eacli  case  about  530  divisions. 

Considering  first  the  Abel  fuze,  which,  since  the  question  of  potential  can  be 
ignored,  appears  the  most  simple  standard  of  comparison,  these  figures  prove  beyond 
cavil  that  the  ignition  depends  upon  the  quantity  and  not  upon  the  product  of  the 
quantity  by  the  difi'erence  of  potential.  Thus,  for  the  grand  mean,  although  the 
potential  factor  in  the  expression  (K  +  K,)  P  varied  between  3,4 1 1  and  1,399  volts, 
the  fuze  always  exploded  when  1.25  dh  0.03  microfarads  of  electricity  traversed  the 
priming.  Hence,  since  the  second  introduction  of  P  as  a  multiplier  would  produce 
great  discrepancies  in  the  results  shown  by  the  three  condensers,  which  without  it  are 
very  accordant,  the  explosion  is  not  due  directly  to  the  rise  in  temperature  caused  by  the 
heat  generated  by  the  passage' of  the  spark,  but  to  some  other  cause. 

The  same  conclusion,  although  at  first  sight  less  apparent,  is  reached  by  an 
analysis  of  the  results  with  the  other  varieties. 

Thus,  the  Giant  Powder  Company  fuze,  without  a  condenser,  is  exploded  by  the 
passage  of  a  charge  of  0.38  microfarads,  with  a  diflference  of  potential  of  2,468  volts, 
failing  with  0.35  microfarads  and  2,274  volts.  With  condensers  No.  1  and  No.  2  and 
the  Leyden  jar,  charges  of  0.46  and  1.00  and  1.15  microfarads  fail,  because  the  cor- 
responding diflferences  of  potential  (1,372  and  1,354  and  1,321  volts)  are  too  low  to 
force  the  charge  through  the  priming.  As  soon  as  this  diflference  reaches  about  1,450 
volts,  the  charge  passes  and  the  explosion,  with  the  condensers,  results  from  an  excessive 
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charge.  Hence,  the  true  minimum  charge  for  this  fuze  is,  say,  0.4  microfarad,  but  it 
cannot  be  fired  with  a  difference  of  potential  under  about  1,450  volts. 

In  the  Browne  No.  IV  fuze,  the  break  between  the  wire  terminals  in  the  priming 
chamber  is  considerably  larger  than  in  the  Giant  Powder  Company  fuze,  and  a  differ- 
ence of  potential  of  about  2,0U0  volts  is  apparently  needful  to  force  the  charge  through 
the  priming.  The  quantity  required  with  the  three  condensers  is  1.90,  2.07,  and  2.27 
microfarads,  respectively,  with  corresponding  differences  of  potential  of  5,438,  Sf,854, 
and  2,000  volts.  Evidently  the  minimum  explosive  charges,  here  also,  are  nearly 
proportional  to  the  quantity  ef  electtHcity  traversing  the  priming^  a  small  allowance  being 
made  for  the  modifying  cause  indicated  above. 

It  will  be  noted  that  neither  for  medium  nor  high  tension  fuzes  do  the  figures 
indicating  ignition  suggest  any  law  based  upon  the  product  of  the  quantity  by  the 
difference  of  potential.  On  the  contrary,  they  all  imply  that  the  ignition  depends 
simply  upon  the  quantity  of  electricity  traversing  the  priming. 

In  fine,  these  experimental  researches  all  seem  to  indicate  that  rise  in  temperature 
induced  by  the  passage  of  the  spark  is  not  the  true  cause  of  the  explosion  of  the 
primings  of  high  and  medium  tension  fuzes — at  least,  if  we  may  assume  that  this  rise 
is  proportional  to  the  heat  developed  (QP).  Even  if  this  assumption  be  challenged 
the  difficulty  is  not  met,  for  the  advocafb  of  the  usual  theory,  in  that  case,  must  be 

prepared  to  admit  that  this  rise  is  proportional  to  H ,  a  law  for  which  we  have  no 

warrant  either  from  theoiy  or  from  analogy. 

In  my  judgment,  these  researches  force  us  to  seek  the  cause  of  the  ignition  in 
some  occult  law  of  molecular  physics,  and  the  following  naturally  suggests  itself. 
May  not  the  spark  polarize  (lie  planes  of  the  molecular  orbits,  as  well  as  increase  their 
amplitude  ?  Professor  Henry,  many  years  ago,  proved  that  the  passage  of  a  spark  of 
electricity  among  steel  needles  caused  their  permanent  magnetization,  which,  by  the 
theory  of  Ampere,  would  imply  an  analogous  effect.  In  compounds,  where  the  chemical 
equilibrium  is  so  unstable  as  in  these  primings,  such  a  cause  might  well  induce  chemical 
action  involving  new  combinations  of  the  atoms,  attended  with  explosion,  or  perhaps 
with  a  rise  in  temperature  ample  of  itself  alone  to  explain  the  phenomenon. 

Since  high  tension  fuzes  require  a  spark  for  their  ignition,  this  discussion  covers 
the  whole  ground  for  them.  Medium  tension  fuzes,  however,  may  also  be  fired  by 
the  passage  of  a  voltaic  current  through  ^their  priming,  and  this  mode  of  ignition  has 
been  treated  by  Major  Malcolm,  R.  E.,  in  a  very  interesting  paper  read  before  the 
Society  of  Telegraph  Engineers,  in  London,  on  May  13,  1874. 

Major  Malcolm  discovered,  by  experiment,  that  a  marked  fall  in  resistance  pre- 
cedes explosion  when  caused  by  the  passage  of  a  voltaic  current.  He  suggested  that 
this' change  might  continue  with  great  rapidity  during  the  instant  just  before  ignition 
(in  which  it  could  not  be  followed  by  his  instruments),  and  might  thus  explain  the 


MEDIUM  AND  HIGH  TENSION.  199 

explosion  by  the  heat  generated  by  a  current  much  stronger  than  the  normal  resistance 
of  the  fuze  would  imply. 

This  case  is  entirely  different  from  ignition  by  a  spark,  and  Major  Malcolm's 
theory  seems  to  me  to  be  not  only  consistent  with  all  the  known  facts,  but  also  to 
receive  confirmation  from  more  recent  investigations  leading  to  the  discovery  of  the 
microphone.  With  a  voltaic  or  a  continuous  magneto-electric  current  the  element  of 
time,  which  is  inappreciable  with  the  spark,  becomes  very  important,  and  it  is  not 
hard  to  understand  how  a  gradual  and  increasing  rise  in  temperature  quite  sufficient 
to  produce  ignition  may  be  brought  about.  In  fact,  the  Beardslee  fuze,  which  cannot 
be  fired  by  any  ordinary  frictional  spark,  and  the  Abel  fuze,  after  it  has  deteriorated 
sufficiently  to  reach  the  same  condition,  may  often  be  exploded  by  a  strong  voltaic  or 
magneto-electric  current. 

Standard  of  Safety. — ^As  already  stated,  many  varieties  of  tension  fuzes  are  so  sensi- 
tive to  electrical  disturbance  as  to  be  criminally  dangerous  for  practical  use.  Having 
adopted  a  system  of  measurement  by  which  these  fuzes  could  be  accurately  classified 
as  to  sensitiveness,  the  next  point  was  to  decide  upon  an  absolute  standard  of  safety. 

Whatever  changes  may  be  occurring  in  the  electrical  condition  of  bodies  around^ 
us,  we  know  by  experience  that  none  appreciable  to  our  sense  of  touch  are  to  be 
apprehended,  under  ordinary  conditions.  HSnce,  if  no  fuze  which  can  be  fired  by  a 
charge  too  small  to  be  detected  by  this  sense  be  employed,  the  condition  of  reason- 
able safety  may  be  regarded  as  fulfilled.  On  the  other  hand,  this  limit  should  not  be 
largely  exceeded ;  because  it  is  often  desirable  to  fire  several  charges  simultaneously, 
and  if  the  fuzes  be  too  hard  to  ignite,  miss-fires  with  loss  of  time  and  dangerous  manip- 
ulations are  sure  to  occur. 

To  fix  the  numerical  value  of  this  standard,  a  man  holding  the  wire  terminals  in  his 
moistened  hands  replaced  the  fuze  in  the  electrometer  circuit,  and  the  reading  corre- 
sponding to  the  smallest  sensible  shock  was  noted.  Some  individuals  proved  to  be 
more  sensitive  than  others,  but  the  following  record  may  be  considered  a  fair  average : 

Without  a  condenser,  a  shock  corresponding  to  a  reading  of  180  could  not  be 
felt;  with  condenser  No.  1,  a  reading  of  8  could  not  be  felt,  and  of  10  could  be  just 
detected ;  with  condenser  No.  2,  these  numbers  were  2  and  3,  respectively.  Trans- 
lated into  microfarads,  these  results  may  be  tabulated  as  follows : 

Without  a  condenser,  *  0.52  mf  could  not  be  felt; 

With  condenser  No.  1 ,  0.64  m£  could  not  be  felt;  0.75  mf.  could  be  just  detected. 

With  condenser  No.  2,  0.53  mf  could  not  be  felt;  0.58  mf  could  be  just  detected. 

Means,  0.56  0.67 

From  these  figures,  it  appears  that  no  fuze  which  can  be  fired  with  a  less  charge 
than  about  seven-tenths  of  a  microfarad  can  be  regarded  as  a  safe  fuze.  Eight-tenths 
of  a  microfarad  is  distinctly  felt  by  any  person,  and  this  was  adopted  as  the  minimum 
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limit.  As  to  a  maximum  limit,  a  thoroughly  good  fuze,  not  liable  to  deteriorate  by 
age  and  exposure  to  dampness,  and  which  requires  about  2  microfarads  for  ignition, 
was  discovered ;  and  this  charge  was  accordingly  adopted.  It  gives  a  decided  but 
not  disagreeable  shock.  The  charges  required  for  igniting  the  different  primings  sub- 
jected to  trial  have  ranged  between  0  03  and  16.00  microfarads. 

It  only  remains  to  consider  the  several  fuzes,  and  the  results  obtained  by  testing 
them  in  the  manner  explained  above.  Tests  made  prior  to  October  25,  1872,  are  not 
usually  discussed  in  the  text,  because  the  apparatus  had  not  been  perfected  until  that 
date. 

The  Abel  Magnet  Fnie— Medium  TemioiL— This  fuze  was  devised  by  Professor  Abel,  in 
1868,  specially  for  use  with  magneto-electric  apparatus.  He  had  in  view  the  explo- 
sion of  several  fuzes  simultaneously,  and  modified  his  priming  accordingly,  so  that 
after  ignition  no  conducting  residue  should  remain  between  the  terminals  in  the  priming 
chamber.  His  fuze  wheu  newly  made  has  a  high  reputation  for  uniformity  and  cer- 
tainty of  action ;  but  if  kept  long  on  hand  it  is  liable  to  become  uncertain  when  used 
with  electricity  of  high  potential. 

Ladd,  of  Loudon,  is  the  authorized  maker ;  and  attempts  by  other  parties  in  this 
country  and  Europe  to  reproduce  this  priming  have  been  by  no  means  successful,  as 
will  be  shown  hereafter.  Ladd  manufactures  four  patterns  of  this  fuze — Experimental^ 
for  laboratory  trials ;  Gunpowder ^  designed  for  igniting  charges  of  gunpowder ;  Cannon^ 
for  use  with  cannon ;  and  Gun-cottonj  for  explosive  compounds  which  require  a  pow- 
erful detonator  to  develop  their  full  force.  They  differ  only  in  external  form  and  in 
the  firing  charge,  which  in  the  first  pattern  is  entirely  omitted ;  in  the  second  and 
third,  consists  of  gunpowder;  and  in  the  last,  of  fulmmating  mercury.  The  break 
filled  by  the  priming  is  uniformly  1  of  an  inch. 

This  celebrated  priming  consists  of: 

Paorts. 

Sab-phosphide  of  copper 10 

Sab-sulphide  of  copper 45 

Chlorate  of  potassa 15 

The  materials  are  reduced  separately  to  the  finest  possible  state  of  division,  moist- 
ened by  alcohol,  and  rubbed  well  together  in  a  mortar.  The  mixture  is  then  carefully 
dried,  and  preserved  in  closed  vessels  until  required. 

The  ingredient  first  named  is  the  igniting  agent ;  the  potassium  chlorate  supplies 
the  oxygen ;  and  the  sub-sulphide  of  copper  gives  the  requisite  degree  of  conducti\dty. 

The  largest  number  of  these  fuzes  which  it  was  attempted  to  fire  together  on  one 
wire  on  land,  in  the  original  trials  at  Chatham,  was  twenty-five ;  they  were  connected 
in  derived  circuit,  the  earth,  forming  the  return.  An  appreciable  interval  between  the 
explosions  could  be  detected  by  the  ear  with  this  number,  but  hardly  with  twelve. 
The  distance  to  the  apparatus  (Wheatstone's  magnetic  exploder)  was  about  600  yards. 
Under  water,  not  more  than  four  simultaneous  explosions  could  be  depended  upon, 
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because  the  circuits  caused  by  wetting  the  terminals  of  the  fuzes  which  exploded  first 
prevented  the  rest  from  receiving  the  requisite  current. 

A  supply  of  these  fuzes  was  early  obtained  from  Ladd,  and  they  have  been  care- 
fully tested  from  time  to  time,  both  for  sensitiveness  and  for  permanence,  as  is  shown 
by  the  following  *  summary.  Imitations  made  by  Ruhmkorff,  of  Paris ;  Smith,  of 
Boston;  and  Mowbray,  of  North  Adams,  Mass.,  have  also  been  tested,  but  wiMi 
results  far  less  satisfactory  than  those  obtained  from  the  original.  The  difficulty  is 
believed  to  lie  in  the  manner  of  preparing  the  sub-phosphide  of  copper,  which  Pro- 
fessor Abel  has  not  specified. 

It  will  be  noticed  that  none  of  these  fuzes  were  imported  after  1872.  Since  that 
date,  the  proportions  of  the  ingredients  have  been  varied  to  effect  different  objects; 
but,  it  is  understood,  without  materially  changing  the  character  of  the  fuze. 

The  Abel  ma-gnet  fuze. 

ELECTROMXTER  TESTS. 


Maker. 

Date. 

Number  tested. 

Igniting  cbarge— normal  state. 

Remarks. 

• 

ICade. 

Tested. 

Total. 

Normal 
state. 

Least. 

JV. 
1.12 
1.04 
0.99 
L04 

0.66 

1.97 
1.23 
L21 
1.28 
0.85 

0.06 
0.73 
1.51 
1.61 
1.02 

0.91 
1.88 
1.04 

0.99      - 
1.16 

Greatest. 

Mean. 

Ladd 

Hn  ffnuiBT  V 

May.mi 

. . .  .do 

August^  1871 

September,  1872; 

October,  1872 

Febniary,1873.. 

Marob,  1879 

October,  1872 — 

Marob,  1874 

....do 

19 

5 

10 

7 

25 

5 

10 

7 

3 

8 

6 
6 

10 

4 
15 

16 
6 

18 

88 
24 

19 
5 
9 
6 

18 

4 
10 
7 
2 
7 

5 
6 

10 
4 

11 

12 
4 

10 

13 
10 

Mf. 
2.00 
L08 
2.00 
2.47 

2.85 

2.85 

1.61 

1.88' 

1.40 

0.99 

1;21 
0.85 
1.84 
1.71 
L97 

1.40 
2.11 
1.88 

L28 
1.46 

L85 
1.07 
1.04 
L58 

1.28 

2.14 
1.42 
1.28 
1.84 
0.88 

0.81 
0.77 
1.70 
1.06 
1.18 

1.14 
1.66 
1.28 

1.14 
1.25 

Cue  required  4.5  mioroTarads. 
Cue  failed,  14  microfarads;  one 

required  5  miorofiKrada. 
SeTora!  failed  witb  8  microiiuads. 

One  required  6  miorofiaads. 

One  failed,  Smitb  macbine. 
One  required  40  Leolancb6  cells. 

Two  required  Smitb  macbine. 

One  failed,  Smitb  macbine. 
Two  required  4  microfarads. 
Seven  required  trom  3  to  9  micro- 
farads. 
No  tests  aboye  4  miorofiffads. 
Do. 

One  failed,  Smitb  macbino. 
Bigbt  fkiled  witb  13  microfiitfads. 

One  required  Smitb  macbine. 
Four  llRiled  witb  15  microfarads. 

• 

Twenty-one  failed  witb  16  micro- 
fiurads. 

. . • . do  •..«•••«« 

....  do ......... 

. .  -  .do  ......... 

April,  1872.... 
..  do 

...do 

-    do  ......... 

April,  1874 

February,  1875.. 

Marob,  1876 

April,  1875 

January,  1876 . . . 

May.  1876 

April,  1877 

...  do 

do 

do 

..do 

.  do  ......... 

...do 

.  _ - .  do  ......... 

-  do  ......... 

...do 

Marob,  1879 

....do 

-   do        ....... 

....do 

. .do  ......... 

....do 

242 

10 
15 

24 
14 

4 

25 

166 

8 
7 

28 

10 

4 
4 

0.66 

1.80 
1.29 

2.52 
3.83 

7.41 
6.57 

2.47 

4.35 
1L12 

10.75 
14.53 

10.42 
15.57 

1.23 

2.65 
4.04 

5.21 
a75 

8.38 
12.48 

Babmkorir.. 
Smitb 

April,  1875 

do 

Jiily,1871 

....do 

January,  1876... 
May,  1879 

July,  1871 

May,  1879  

September,  1872. 
May,  1879 

....do 

do 

No.  23 ^26 
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This  table  requires  considerable  explanation.  The  priming  as  made  by  Ladd  is 
remarkably  uniform  when  first  received,  requiring  an  igniting  charge  varying  but  little 
from  1.2  microfarads.  This  constitutes  a  safe  and  sure  fuze.  Storage  for  one  or  two 
years,  at  least  in  a  damp  climate  like  that  of  Willets  Point,  induces  a  marked  loss  of 
sensitiveness  in  individual  fuzes ;  and  this  continues  to  increase,  until  after  a  lapse  of 
s«ven  or  eight  years  the  priming  has  become  so  uncertain  as  to  be  entirely  untrust- 
worthy for  use  with  frictional  apparatus.  Some  individual  fuzes  cannot  then  be 
ignited  by  a  3-inch  spark  from  a  powerful  Smith  machine,  while  others  show  no 
change  whatever  from  their  normal  state.  But  even  in  tliis  deteriorated  condition 
most  of  them  can  be  ignited  on  short  circuit  by  a  battery  of  100  Leclanch^  cells,  or 
by  a  large  Wheatstone  magnetic  exploder,  probably  by  the  heat  developed  by  the 
continued  current  It  may  be  added  that,  after  long  storage,  frequent  failures  of  the 
gun-cotton  pattern  have  occurred  in  actually  firing  toipedoes  at  Willets  Point,  both 
witli  Smith's  frictional  machine  and  with  Farmer's  powerful  dynamo-machine.  * 

The  table  has  been  arranged  with  a  view  to  exhibit  the  progress  of  tliis  deteriora- 
tion Under  the  heading  of  "normal  state  "  are  classed  all  Ladd's  fuzes  which  required 
less  than  3  microfarads  for  ignition,  and  a  comparison  of  the  number  of  such  fuzes 
with  the  total  number  tested  on  any  date  will  give  the  information  sought. 

In  a  paper  read  before  the  Society  of  Telegraph  Engineers  on  May  13,  1874, 
Professor  Abel  explains  that  his  priming  is  liable  to  deteriorate  if  exposed  to  dampness, 
and  states  that  its  composition  is  permanent  if  kept  absolutely  dry.  The  foregoing 
tests  were  made  with  the  regular  gunpowder  or  gun-cotton  patterns,  and  care  was 
observed  to  store  them  in  a  dry  room.  If  dampness  be  the  cause  of  their  deterioration, 
it  can  only  be  charged  to  faulty  mechanical  details  in  the  adopted  form  of  construction, 
which  certainly  seems  open  to  criticism. 

As  to  the  French  and  American  imitations  but  little  need  be  said.  None  of  them 
are  sufficiently  sensitive  for  practical  use.  They  all  exhibit  the  tendency  to  deteriorate 
from  long  storage,  but  only  those  which  could  not  conveniently  be  fired  by  the  usual 
testing  apparatus  are  entered  as  abnormal  in  the  table,  because  even  at  first  they  were 
too  uncertain  to  justify  a  closer  classification. 

It  should  be  mentioned  that  while  Ruhmkorff  and  Smith  call  their  primings  by 
the  name  of  Professor  Abel,  Mowbray  has  somewhat  modified  the  composition.  On 
July  27,  1869,  he  took  out  a  pattern  for  an  improved  method  of  exploding  nitro- 
glycerine, and  in  it  adopted  the  Abel  priming  exactly.  In  the  succeeding  November 
he  patented  the  following  modification,  which  is  what  was  tested.  The  copper  is 
replaced  by  silver,  and  sulphide  of  mercury  is  added,  giving : 

Parts. 

Phosphorus • • 5 

Sulphur 15 

Silver 100 

Mercury 25 

Potassium  chlorate '. •..    30 
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The  electrical  resistance  of  all  these  fuzes  varies  between  wide  limits.  Different 
results,  of  course,  are  obtained  by  varying  the  battery  power,  and  I  have  usually 
employed  six  small  Leclanch^  cells  (internal  resistance  per  cell  about  10  ohms)  in  the 
measurements.  If  long  continued  this  current  will  often  cause  explosion.  Ladd  fuzes 
show  an  average  resistance  of  about  one-tenth  of  a  megohm,  ranging  from  10  megohms 
to  a  few  hundred  ohms  Smith's  priming  is  similar  to  Ladd's  in  this  respect,  but  the 
other  two  usually  exceed  10  megohms. 

Although  careful  tests  have  been  made,  no  connection  between  the  resistance  of 
fuzes  charged  with  the  Abel  priming  and  their  sensitiveness  to  frictional  electricity 
has  been  detected. 

It  will  be  remembered  that  this  well-known  fuze  was  designed  for  use  with  mag- 
neto-electric apparatus,  for  which  it  is  generally  admitted  to  be  well  suited,  especially 
when  newly  made,  and  above  all  when  used  in  dry  climates.  The  foregoing  tests 
with  frictional  electricity  have  certainly  developed  the  serious  defect  of  want  of 
permanence,  which  places  the  priming  below  several  of  its  competitors  in  practical 
value. 

The  Abel  Submarine  Fuse— Medium  Tension.— The  Abel  magnet  fuze,  both  as  originally 
devised  and  as  recently  modified  by  varying  the  proportions  of  the  component  parts, 
is  liable  to  the  objection  that  it  will  accidentally  explode  if  subjected  to  the  continued 
action  even  of  a  weak  testing  battery.  To  meet  this  defect,  which  is  a  very  serious 
one  in  submarine  mining,  Professor  Abel  has  devised  a  new  composition,  consisting 
of  an  intimate  mixture  *of  powdered  graphite  and  fulminating  mercury.  This  mixture 
is  compressed  into  the  cavity  containing  the  wire  terminals  until  the' desired  resistance 
is  obtained,  which  may  easily  be  ascertained  by  keeping  a  feeble  current  passing 
through  the  priming,  with  a  galvanometer  in  circuit. 

The  following  extract  from  the  address  of  Professor  Abel,  as  president  of  the 
Society  of  Telegraph  Engineers,  delivered  on  January  24,  1877,  gives  interesting 
facts  respecting  this  fuze : 

"In  a  paper  contributed  to  the  society  by  one  of  its  more  promiment  members, 
Lieutenant-Colonel  Stotherd,  R.  E ,  on  electric  fuzes,  that  officer  pointed  out  that 
certain  defects  in  point  of  permanence,  and  certain  difficulties  connected  with  the 
electrical  testing  of  the  'phosphide'  high-tension  fuze  known  by  my  name,  had  led  me 
to  construct  another  form  of  high-tension  fuze  specially  for  submarine  mining  service. 
In  this,  the  conducting  and  igniting  composition  or  bridge  which  connects,  the  poles 
consists  of  a  very  intimate  mixture  of  graphite  and  mercuric-fulminate,  two  substances 
concerning  whose  freedom  from  liability  to  oxidation  by  atmospheric  influence,  and 
otherwise  permanent  characters,  no  doubt  could  be  entertained.  The  poles  of  this 
fuze,  like  those  of  the  older  one,  consisted  of  two  fine  copper  wires,  arranged  parallel 
and  embedded  at  a  distance  of  0.05  inch  apart  in  an  insulating  column,  which,  in  the 


204 


ELEOTBIOAL  FUZES. 


\ 


4. 


new  fuze,  consists  of  a  mixture  of  Portland  cement,  with  sufficient  sulphur  to  allow  of 
its  being  melted  and  cast  in  a  mold,  producing  a  very  rigid  support,  upon  which  the 
priming  composition  can  be  consolidated  over  the  slightly  projecting  terminals  of  the 
copper  wires  or  poles  by  the  application  of  considerable  pressure,  the  electrical  resist- 
ance of  the  fuze  being  regulated  by  the  degree  of  compression  of  the  composition. 
This  cast  column  or  insulating  support  of  cement  was  adopted  in  place  of  the  gutta- 
percha used  in  the  old  fuze,  because  the  want  of  rigidity  in  the  latter  material  did  not 
permit  of  the  attainment  of  uniform  and  permanent  compression  of  the  priming  com- 
position. This  so-called  ^submarine  fuze'  having  furnished  very  satisfactory  results,  a 
number  were  supplied  to  diflferent  military  stations  for  submarine  mining  service,  but, 
after  a  considerable  time  had  elapsed,  many  of  them  were  found  to  have  fallen  very 
greatly  in  resistance;  thus,  the  average  resistance  of  the  fuzes  being  15,000  ohms, 
many  were  found  to  have  only  a  resistance  of  300  or  400  ohms,  and  one  or  two  had 
fallen  even  below  50  ohms.  The  careful  dissection  and  examination  of  these  fuzes 
afforded  at  first  no  clue  whatever  to  the  cause  of  this  change.  The  graphite-fulminate 
mixture  appeared  unaltered  in  compactness  and  was  unchanged  in  composition ;  and, 
on  being  removed  from  the  altered  fuzes  and  applied  as  priming  material  in  new  fuzes, 
the  resistances  of  these  was  the  same  as  if  new  composition  had  been  employed.  Mr. 
E.  0.  Brown,  a  member  of  this  society,  who  has  done  good  work  in  applied  electricity, 
was  deputed  by  me  to  unravel  this  mystery,  and  soon  fathomed  it  An  examination 
of  the  interior  of  the  small  pillara  of  cement,  which  appeared  from  the  exterior  per- 
fectly solid  throughout,  revealed  the  existence  in  many  of  them  of  very  minute  hair- 
line cracks  or  fissures,  extending  sometimes  right  across  the  space  between  the  inclosed 
small  copper  wires,  and  evidently  caused  by  unequal  contraction  of  the  wires  and  the 
cement  when  the  latter  had  been  cast  around  the  former.  These  minute  fissures  would 
of  themselves  not  have  effected  the  electrical  character  of  the  fuzes,  but  the  surfaces 
of  many  of  them  were  observed  to  be  dark  colored,  and  this  coloration  proved  to  be 
due  to  sulphide  of  copper.  The  penetration  of  air,  and  with  it  the  ever  concomitant 
moisture,  to  the  interior  of  these  little  columns,  established,  in  course  of  time,  chem- 
ical action  between  the  sulphur  in  the  cement,  the  copper  surfaces,  and  the  atmospheric 
oxygen ;  the  resulting  sulphate  of  copper  was  slowly  conveyed  by  the  moisture  and 
the  capillary  action  of  the  minute  cracks  along  these  on  either  side,  becoming  after- 
wards reduced  by  the  sulphur  in  the  cement  to  sulphide,  with  which  the  fissures 
became  coated  until  it  formed  one  or  more  complete  bridges  between  the  copper  poles. 
Thus,  the  high-resistance  bridge,  or  the  fuze  proper,  was  in  course  of  time  completely 
cut  out  of  circuit  by  the  formation  of  one  or  more  very  perfect,  though  minute 
Statham  fiizes,  of  comparatively  high  conducting  power,  in  the  head  of  the  fuze  itself. 
Chemical  knowledge,  having  been  instrumental  in  discovering  this  unsuspected  source 
of  failure,  at  once  provided  the  remedy ;  five  wires  of  platinum,  upon  which  the 
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sulphur,  aided  by  air  and  moisture,  has  no  action,  were  substituted  for  those  of  copper, 
and  the  permanence  of  the  fuze  was  secured." 

This  fuze  has  been  adopted  by  the  Royal  Engineers  for  the  submarine  service  of 
Great  Britain,  and  is  highly  commended  by  Major  Stotherd  and  others.  The  standard 
resistance  is  about  15,000  ohms  when  tested  by  a  couple  of  Daniell  cells;  but  it  is 
liable  to  change  when  subjected  to  the  long-continued  action  even  of  a  weak  voltaic 
current.     Two  fuzes  in  derived  circuit  are  always  used  in  the  torpedo. 

Although  this  fuze  is  specially  designed  for  a  powerful  voltaic  battery,  it  may  also 
be  used  with  frictional  electricy ;  and  accordingly  it  has  been  tested  to  determine  its 
value  with  this  class  of  apparatus. 

Two  small  samples  were  procured  at  diflferent  dates  from  Ladd,  but  the  high  and 
variable  resistances  which  they  exhibited  sufficiently  proved  that  he  did  not  devote  as 
much  attention  to  making  them  uniform  in  this  respect  as  is  regarded  desirable  by  the 
British  Government.  Moreover,  the  precise  percentage  of  graphite  was  not  reported 
either  by  him,  or  by  Mr.  Abel  and  the  officers  of  the  Royal  Engineers,  in  their  pub- 
lished statements. 

At  one  time  during  the  investigations  conducted  at  Willets  Point  it  appeared 
important  to  discover  a  priming  which,  with  a  low  resistance,  should  combine  a  suit- 
able degree  of  sensitiveness  to  frictional  electricity.  Accordingly  a  few  experimental 
fuzes  were  made  to  develop  the  character  of  this  priming,  and  with  satisfactory  results, 
as  appears  from  the  following  table.  Plumbago  was  used  as  the  conducting  ingre- 
dient, and  no  special  attention  was  paid  to  securing  uniformity  of  resistance,  as  this 
point  was  not  important  in  the  use  for  which  the  fuze  was  desired.  Six  compositions 
were  tested,  viz : 

Eziierimental  prixniDg  A  ;  90  parte  fulminating  mercury  and  10  parts  plumbago,  dry. 

Experimental  priming  A' ;  same,  compacted  with  alcohol. 

Experimental  priming  B  ;  80  parts  fulminating  mercury  and  20  parts  plumbago,  dry. 

Experimental  priming  B' ;  same,  compacted  with  alcohoL 

Experimental  priming  C  ;  60  parts  fulminating  mercury  and  40  parts  plumbago,  dry. 

Experimental  priming  D  ;  40  parts  fulminating  mercury  and  60  parts  plumbago,  dry. 

The  following  table  exhibits  a  summary  of  the  electrometer  tests  of  Ladd's  fuzes 
and  of  these  several  primings.  It  will  be  noticed  that  the  former,  made  at  different 
dates,  varied  considerably  among  themselves,  and  that  some  of  them  were  dangerously 
sensitive  to  frictional  electricity ;  that  the  compacting  in  alcohol  had  a  very  marked 
effect  in  reducing  the  resistance  and  increasing  the  sensitiveness ;  and  that  although  it 
was  possible  to  secure  any  desired  resistance,  when  this  was  made  very  small  the 
priming  was  not  sufficiently  sensitive  for  practical  use : 
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The  Ahel  ^nbfiuLrine  Jkize. 


ELECTROMETER  TESTS 


1 

1 
1 

Maker..        j 

Date. 

II 

Reaiatance  in  ohms. 

Ignitinx^  charge  in  microiiuads. 

1 
Made.                   Tested. 

Least             •  Greatest 

Mean. 

Least 

Greatest. 

Mean. 

1 
Ladd April,  1872 

HAntAmlwir.  1875^ 

March,  1875 

do 

2               800,000      1        3,006^000 
8                 76.000      1        fl-OOOLOOO 

1,650,000 
2,817,000 

0.66 
0.06 
0.28 
a64 

L64 
0.45 
2.86 

a  14 

L21 
0.85 

0.94 
0.40 

1 

. ...do 

AnriL1875 

ft    1        

0.46            0.31 
7.18            2.72 

. . . .do -. 

May,  1878 80 

March,  1875 10 

April,  1875 10 

16,400 
10,000,000 

SOOOOO 

1,480,000 

10,000,000 

10,000,000 

10.000,000 

5,000 

470 

880 

148.866 

10,000.000 

8.850,000 

5^850,848 

1,368 

842 

113 

Experimental,  A 
Experimental,  A' 
Experimental,  B 
Experimental,  B' 
Experimental,  C 
Experimental,  D 

Marcb,  1875 

do 

•    2.47 
L38 
3.40 

i 

2.00 
0.80 

....do 

Maroh,  1875 

April,  1875 

March,  1875 

....do 

10                 27, 100 
27    -                  240 

2.78 

...  do 

1.71         ass 

. .. .do 

11 
10 

77 
7 

3.82            8l42            6L47 

..  do 

5l83            fiL78 

7.65 

1 

1 

In  fine,  this  table  sufficiently  proves  that  it  would  not  be  hard  by  continuing  the 
study  of  this  priming  to  arrive  at  a  medium-tension  fuze,  of  comparatively  low  resist 
ance,  which  should  possess  a  suitable  degree  of  sensitiveness  to  frictional  electricity, 
while  the  ingredients  of  the  composition  warrant  a  belief  in  its  permanency.  This 
would  have  been  attempted  had  not  the  general  progress  of  the  investigation  rendered 
such  a  fuze  unnecessary  for  our  submarine  mines.  It  may  be  added  that  out  of  the 
whole  number  tested  with  the  electrometer,  none  failed  to  explode,  and  that  among 
individual  fuzes  charged  with  the  same  composition  no  law  connecting  resistance  and 
sensitiveness  was  apparent. 

The  von  Ebner  Fuze— Medium  TendoiL^This  fuze  was  devised  by  General  von  Ebner, 
of  the  Austrian  Engineers,  for  use  with  frictional  electricity,  and  was  exhibited  at  the 
Paris  Exposition  of  1867.  It  has  been  much  employed  in  blasting  upon  the  Conti- 
nent of  Europe,  where,  with  various  modifications^  it  is  the  principal  competitor  of 
the  Abel  fuze.  Together  they  have  superseded  the  Statham  fuze,  the  first  practically 
used  with  electricity  of  high  potential,  and  which  was  introduced  about  the  year  1840. 
The  von  Ebner  fuze  is  but  little  known,  in  this  country. 

The  composition  is  a  modification  of  that  used  in  ordinary  friction  primers  for 
cannon  (2  parts  of  sulphuret  of  antimony  and  I  part  potassium  chlorate),  being  com- 
posed of  equal  parts  of  sulphuret  of  antimony  and  potassium  chlorate,  with  sometimes 
the  addition  of  powdered  plumbago  to  give  conductivity.  One  formula  of  von  Ebner 
is  the  following,  the  ingredients  being  intimately  mixed : 

Parts* 

Snlphnret  of  antimony « 44 

Chlorate  of  potassa 44 

Plumbago 12 

The  plumbago  is  also  sometimes  applied  in  the  form  of  a  mark  drawn  between 
the  wire  terminals,  and  sometimes  it  is  entirely  omitted.  The  latter  modification  con- 
stitutes the  present  form  of  the  Gaiffe  and  Compte  fuze. 
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The  Champion,  Pellet,  and  Grenier  priming  is  another  modification  of  tliat  of  von 
Ebner,  the  conducting  material  being  horn  carbon,  and  22  parts  being  used  instead  of 
12  parts,  as  in  the  above  formula.  Their  composition  is  also  ground  with  alcohol,  thus, 
dissolving  the  potassium  chlorate,  which,  in  subsequently  crystallizing,  forms  the  whole 
into  a  solid  mass  that  may  readily  be  exploded  by  a  powerful  voltaic  battery,  as  well 
as  by  electricity  of  high  potential. 

Samples  of  the  von  Ebner  fuze  (percentage  of  ingredients  not  stated)  were  pro- 
cured from  Digiiey  Fr^res  et  Gie.,  from  Ruhmkorff  and  from  Gaiffe;  and  certain 
modifications  of  the  priming  were  prepared  for  special  study  in  connection  with  our 
investigations  in  submarine  mining.     These  modifications  were : 

Experimental  priiuiDg  £ ;  Bulphnret  of  antimony  40  parts,  chlorate  of  potassa  50  parts,  horn  carbon  10  parts. 
£xi>eTimental  priming  F ;  snlphuret  of  antimony  38  part9,  chlorate  of  potassa  57  parts,  horn  carbon  5  parts. 
Ezpierimental  priming  G ;  sulphnret  of  antimony  47  parts,  chlorate  of  potassa  47  parts,  horn  carbon  6  parts. 
Experimental  priming  H ;  snlphuret  of  antimony  46- parts,  chlorate  of  potassa  48  parts,  horn  carbon  6  parts. 

The  following  table  exhibits  a  summary  of  the  results  of  the  test,  the  details 
being  given  in  full  in  Appendix  B : 

The  van  Ebner  fuze. 

ELECTROMXTBR  TESTS. 


Haker. 


Digney  .... 
Rahmkorff. 


Do. 


Oftiffe 


Experimental  priming  E 

Experimental  priming  F 

Experimental  priming  O 
Experimental  priming  H 


Date. 


Made. 


September,  1873. 
April,  1876 


do 


Jnne,  1880 


Janoaty,  1870... 


.do 

.do 
.do 


Tested. 


Febmary,  1874 
Jannary,  1870 . 


April,  1879. 


October,  1880... 


Jannary,  1878 


.do 

.do 
.do 


Knmber  tested. 

'Igniting charge  hi  microfiurads. 

Total. 

Goo«l. 

Least 

Greatest. 

Mean. 

1 

1 

1.04 

1.04 

1.04 

18 

11 

0.29 

0.94 

f.43 

20 

18 

0.38 

4.44 

1.09 

40 

84 

0.42 

3.56 

2.06 

14 

10 

1.29 

3.33 

1.80 

12 

u 

1.10 

2.19 

1.59 

10 

10 

1.71 

3.08 

2.17 

23 

20 

0.04 

2.52 

1.22 

Remarks. 


Two  failed  at  2  and  4  mi- 
crofiirads. 

Two  reqolred  9  and  12 
micro&rads. 

Three  required  7  micro- 
farads and  3  failed. 

Four  faUed  with  Smith 
machine. 

One  failed  with  Smith 
machine. 

Three  failed  wiUi  Smith 
machine. 


The  number  of  these  experiments  is  not  sufficient  to  warrant  any  very  definite 
conclusions  as  to  the  von  Ebner  priming,  but  they  indicate  that  individual  fuzes,  even 
when  in  good  condition,  are  liable  to  explode  with  charges  too  small  to  be  regarded 
as  entirely  safe ;  that  long  storage  produces  a  marked  reduction  in  sensitiveness ;  and,* 
in  fine,  they  tend  to  confirm  the  suspicion  with  which  an)-  priming  containing  potas- 
sium chlorate  is  regarded  by  most  experts  in  this  country.  The  numerous  failures  in 
our  cannon  primers,  usually  attributed  to  moisture  absorbed  by  this  salt,  are  well 
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known ;  and,  as  already  seen,  the  Abel  magnet  fuze,  which  contains  it,  exhibits  the 
same  defect.  There  is  a  strong  tendency  In  America  to  avoid  this  ingredient  in  pre- 
paring electrical  fuzes. 

The  resistance  of  the  von  Ebner  priming  varies  within  wide  limits — ranging,  in 
the  fuzes  tested  above,  between  ten  megohms  and  4,000  ohms.  Indeed,  some  of 
Gaiffe's  fuzes  had  only  a  few  hundred  ohma. 

Other  Eoropeao  Fuea — Kedinm  and  Sigh  TenMon.— In  addition  to  the  French  fuzes  already 
mentioned,  samples  were  procured  from  Digney  Frferes  et  Cie.  and  from  the  Socit^t^ 
General  pour  la  Fabrication  de  la  Dynamite,  of  Pai'is,  but  the  compositiou  of  the 
primings  was  not  stated.  The  mechanical  details  adopted  by  these  makers  seem  open 
to  criticism. 

Four  different  samples  were  received  from  Digney  Fr^res  et  Cie.,  all  belonging 
to  the  high-tension  class  (resistance  10  megohms).  Of  the  first  sample,  eight  out  of 
nine  fuzes  failed  to  explode  with  about  13  microfarads,  and  the  other  required  10.83 
microfarads.  Of  the  second  sample,  which  was  marked  "  pr^ferees  par  le  genie,"  four 
out  of  five  fuzes  failed  in  like,  manner,  and  the  other  required  4.84  microfarads.  Of 
the  third  sample,  three  out  of  nine  fuzes  failed  in  like  manner ;  and  the  rest  exploded 
with  a  mean  charge  of  4.13  microfarads,  ranging  from  0.29  to  10.83  microfarads.  The 
fourth  sample  was  better.  Eight  fuzes  were  tested  and  they  all  exploded ;  the  mean 
charge  being  2.5.'^,  and  the  extremes  1.41  and  3.54  microfarads. 

The  fuze  of  the  Dynamite  Company  varied  from  170,000  ohms  to  90  ohms  in 
resistance,  and  could  hai-dly  be  fired  with  less  than  about  1 3  microfarads.  It  seems 
better  suited  for  a  voltaic  battery  or  a  powerful  magneto-electric  machine  than  for 
fiictional  apparatus. 

The  fuze  for  electricity  of  high  potential  most  in  use  in  Prussia  is  essentially  that 
of  von  Ebner,  the  only  difference  being  in  details  of  construction. 

In  Belgium,  both  the  von  Ebner  and  the  Abel  primings  are  employed,  and  also 
a  picrate  powder  of  which  the  exact  composition  is  not  made  public. 

In  fine,  for  fuzes  of  the  classes  now  under  consideration,  the  von  Ebner  and  Abel 
primings,  with  local  modifications,  may  safely  be  considered  the  favorites  in  Europe. 

TheBeardalee  Foso — Kediaiu Teauon.— This  is  the  first  original  American  fuze  that  has 
played  any  important  part  in  this  country.  It  was  devised  during  the  late  civil  war 
by  Capt.  F.  E.  Beardslee,  for  use  with  the  magneto-electric  machine  invented  by  his 
father — which  was  largely  employed  in  operating  the  field  telegraph  system  and  the 
naval  torpedoes  of  the  Union.  The  fuze  was  first  publicly  tested  in  February,  1863, 
in  the  defences  of  Washington. 

The  wire  terminals  of  the  circuit  are  flush  with  the  face  of  a  connecting  wooden 
plug,  and  are  only  separated  from  each  other  by  a  small  groove  made  by  a  file.  In 
this  groove  a  soft  pencil  is  drawn  several  times  back  and  forth,  making  a  black  lead 
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bridge  for  the  current  A  paper  cylinder  round  the  plug  forms  a  receptacle  for  the 
priming,  which  consists  of  mealed  powder  next  the  bridge,  with  Dupont's  fine  rifle 
powder  resting  upon  it  as  a  bursting  charge.  In  mechanical  details,  the  fuze  is  sus- 
ceptible of  great  improvements;  but  in  principle  it  forms  a  safe  and  serviceable  mode  of 
ignition  with  certain  kinds  of  electrical  apparatus,  and  one  which  is  easily  improvised. 

Although  this  was  the  electrical  fuze  almost  exclusively  used  by  the  Union  forces 
during  the  late  war,  it  has  never  been  much  employed  on  the  civil  works  of  the  coun- 
try— chiefly,  perhaps,  on  account  of  the  high  price  demanded  (50  cents  each).  It  has 
been  entirely  out  of  the  market  for  many  years. 

From  the  simple  construction  of  this  fuze,  it  is  certain  that  the  ignition  is  caused 
by  the  rise  in  temperature  produced  by  the  passage  of  the  current  through  the  black 
lead  bridge ;  and  hence  that  time  is  an  important  element,  especially  near  the  minimum 
limit  of  heating  power.  Moreover,  as  from  the  nature  of  the  bridge  the  resirtance 
must  vary  between  wide  limits,  the  question  of  electromotive  force  cannot  be  ignored 
in  selecting  a  suitable  machine  for  firing. 

Experiment  proves  that  this  fuze  is  entirely  unsuited  for  any  variety  of  frictional 
apparatus.  Charges  of  10  microfarads  and  upwards  with  my  electrometer  uniformly 
failed  to  explode  it,  and  the  same  was  true  with  the  much  more  powerful  charges  used 
practically  in  blasting — say  an  inch  spark  fi^om  a  large  condenser.  Nevertheless,  the 
small  single  discharge  from  a  Breguet  or  Marcus  magneto-electric  machine,  which 
when  received  as  a  shock  is  hardly  disagreeable,  rarely  fails  to  ignite  the  priming! 

An  ordinary  firing  battery^  like  that  used  in  the  Torpedo  Service,  instantly 
explodes  the  fuze ;  but  the  minimum  limit  as  to  the  number  of  cells  required  was  not 
determined. 

It  is  claimed  that  with  Beardslee's  magneto-electric  machine,  this  fuze  has  been 
fired  over  200  miles  of  ordinary  telegraph  wire  (line  between  New  York  and  Wash- 
ington) ;  and  single  fuzes  may  be  regarded  as  certain  to  explode  through  tlie  leading 
wires  usual  in  blasting.  Failures  with  a  dozen  or  fifteen  fuzes,  connected  in  derived 
circuit,  are  exceedingly  rare. 

In  regard  to  other  portable  magneto-electric  apparatus,  those  developing  suffi- 
cient differences  of  potential  to  give  smart  shocks,  will  usually  fire  the  fuze ;  but 
those  designed  to  give  a  current  of  considerable  strength,  but  of  low  electromotive 
force,  usually  fail. 

The  following  table  of  tests  with  single  fuzes  of  measured  resistance  is  added  to 
illustrate  these  points.  The  machines  will  be  found  discussed  in  the  next  chapter; 
the  actual  order  of  trial  is  preserved  in  the  text ;  the  machines  which  caused  ignition 
are  printed  in  italics,  the  others  failing. 

Resistance,  32,000  ohms :  100  LeclancM  celUj  in  series. 

Resistance,  13,090  ohms :  Jiirgensen. 
No.  23 ^27 
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Besistance,  10,760  ohms:  Mowbray  (frictional) ;    Wheatstone;   Jurgensen; 

Marcus :  Breguet ;  SiemetCs  ^ark. 
ReKstance,    9,500  ohms :  Mowbray  (frictional) ;  Breguet. 
Resistance,    7,720  ohms:  Jurgensen. 

Reaistance,    7,236  ohms :  34  large  8mee  ceUs,  in  series,  a  less  number  failing. 
Resistance,    6,690  ohms:  Siemen's  spark. 

Resistance,    6,325  ohms:  LaBin  &  Rand;  Siemen's  cmrent ;   Hochhausen; 
Gramme ;  Smith  (dynamo) ;  Marcus. 
3>862  ohms :  20  large  Smee  cells,  less  failing. 
3,900  ohms :  55  large  Smee  cells,  less  failing. 
2,584  ohms:  Farmer. 
2,424  ohms :   Wheatstone. 
1,325  ohms:  Gramme;  Marcus. 
312  ohms:  Mowbray  (frictional) ;  Breguet. 

A  modification  of  this  fuze  is  supplied  by  the  London  Ordnance  Works,  devised 
by  C.  A.  McEvoy,  who,  after  the  war,  and  before  going  to  England,  had  been  associ- 
ated with  George  W.  Beardslee  in  this  country.  He  uses  a  mixture  of  plaster  of  Paris, 
powdered  glass,  and  melted  sulphur  for  his  plugs,  and  connects  the  inner  terminalB  of 
his  wires  by  a  black  lead-pencil  mark,  which  is  subsequently  scratched  across  with  a 
needle  point  to  give  a  small  break  for  the  spark.  His  priming  is  that  used  in  ordinary 
cannon  primers  (2  parts  sulphuret  of  antimony  and  1  part  potassium  chlorate). 

The  DowM  Fnzs— Hedinm  Tenaioa.— Fulminate  of  copper  is  said  to  have  been  discov- 
ered by  Dr.  John  Davy.  On  August  27,  1867,  Jabez  B.  Dowse,  of  Lockport,  IlL, 
patented  its  application  as  a  priming  for  electrical  iuzes  under  the  name  of  "  copper 
amalgam."     His  formula  is : 


Resistance, 
Resistance, 
Resistance, 
Resistance, 
Resistance, 
Resistance, 


Finely  diTid«d  copper,  3  pttrtii ;  folmioate  of  mercmy,  1  part. 

Add  aboQt  30  per  eent.  of  water ;  raise  temperature  to  about  313°  Fahr. ;  intimately  mix.  When  abont  half 
the  water  haa  evaporated,  charge  aa  follows:  Place  U.4  of  a  grain  of  the  compound  between  nnall  poliahed  leaden 
discs  and  aahmlt  to  a  pressure  of  abont  600  ponnda ;  battle  for  two  days  to  prevent  too  rapid  evsiporktion ;  attach 
wires,  and  place  the  primed  discs  in  the  exploding  charge  of  the  fuce. 

Dowse  prepared  his  copper  by  intimately  mixing  lamp-black  with  protoxide  of 
copper  in  such  proportions  as  to  form  carbonic  acid  gas  with  the  oxygen,  and  heating 
to  redness  in  a  vessel  from  which  the  air  was  excluded.  He  states :  "  The  manufac- 
ture of  copper  amalgam  requires  the  utmost  caution.  I  advise  no  person  to  attempt 
it  unless  he  has  been  accustomed  to  handle  fulminates."  This  caution  is  not  unneces- 
sary ;  and  it  might  be  well  to  add  that  with  this  priming  the  free  ends  of  the  fbze 
wires  should  always  be  kept  twisted  into  good  metallic  contact  until  ready  for  use — 
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to  guard  against  accidental  explosions  due  to  insensible  disturbances  of  electrical 
equilibrium. 

Dowse's  fuze  in  appearance  resemble^  a  small  tin  pail,  ^  inch  in  diameter  and  2 
inches  high,  charged  with  gunpowder,  and  containing  two  of  his  primed  discs. 

This^fuze,  considerably  modified  by  diflferent  manufacturers,  superseded  the 
Beardslee  fuze,  and  at  one  time  chiefly  supplied  the  markets  in  this  country.  The 
lead  discs  were  omitted,  and  the  priming  in  a  state  of  powder  was  placed  between  the 
inner  terminals  of  fin  ordinary  fuze,  which  was  charged  with  gunpowder  or  fulmi- 
nating mercury,  according  to  the  explosive  for  which  it  was  designed.  By  adding 
plumbago  the  extreme  sensitiveness  of  the  priming  can  be  reduced,  but  no  modifica- 
tion  known  to  me  renders  it  suitable  for  general  use. 

Samples  of  fulminate  of  copper  fuzes  were  obtained  from  the  inventor,  and  fi-om 
H.  J.  Smith,  C.  A.  Browne,  and  G.  A  Goodyear — all  of  whom  were  engaged  in  the 
business  of  supplying  the  market.  They  used  different  modes  of  preparing  the 
copper  and  mixing  the  ingredients,  and  also  added  plumbago  in  different  proportions. 

The  sample  supplied  by  Dowse  (in  1874)  was  essentially  that  described  in  his 
patent,  but  he  stated  that  the  method  of  manufacturing  the  priming  had  been  some- 
fuze  contained  two  of  the  igniting  discs  to  guard  against  a 
possible  defect  in  one  of  them. 

Smith  obtained  his  copper  by^deposition  from  a  strong  aqueous  solution  of  the 
sulphate  by  means  of  metallic  iron.  After  washing,  the  metallic  powder  was  treated 
with  1  ounce  of  muriatic  acid  in  a  quart  of  water ;  was  again  washed ;  was  dried  by 
steam  heat ;  and  finally  was  preserved  under  alcohol.  He  usually  added  plumbago, 
and,  at  my  suggestion,  increased  the  quantity  to  35  per  cent.  Made  upon  this  formula, 
most  of  the  fuzes  approach  the  limit  of  safety,  and  many  hundreds  were  cai'efuUy 
used  in  practice  at  Willets  Point  without  an  accident.  As  soon,  however,  as  a  better 
priming  was  discovered  they  were  discarded. 

Browne  deposited  his  copper  in  a  similar  manner,  being  careful  at  first  to  select 
bits  of  soft  cast  iron  which  would  not  coat.  After  the  deposition  had  begun  there 
seemed  to  be  less  difference  in  different  pieces  of  iron  in  this  respect  He  preferred 
the  granulated  copper  thus  obtained  to  the  impalpable  powder  deposited  by  zinc.  The 
copper  was  strained  and  placed  in  a  mixture  of  1  part  of  muriatic  acid  to  9  parts  of 
water ;  the  black  scum  was  removed,  and  the  process  was  repeated,  with  a  weaker 
mixture  of  the  acid,  until  no  scum  rose.  The  copper  was  then  strained  and  washed 
in  pure  water  until  the  latter  would  not  redden  litmus  paper.  Finally,  the  metallic 
powder  was  removed  by  a  sieve  and  preserved  under*  alcohol. 

His  usual  formula  was  47  parts  of  copper,  47  parts  of  fulminate  of  mercury,  and 
6  parts  of  plumbago,  prepared  in  water  at  212°  Fahr.     Becoming  satisfied  that  this 
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composition  was  over-sensitive,  he  submitted,  in  February,  1872,  samples  for  trial,  as 
foilowB ; 

No.  1.  Eqnol  pftrta  of  faltnlnate  of  mercm?  and  copper;  vrat«r  at  100°  Fahr. 
No.  2.  1  part  of  Eliminate  of  meccaiy ,  2  parts  of  copper ;  water  at  100°  Falir. 
No.  3.  Ugnal  formala,  as  described  in  the  text  above. 

No.  5.  1  part  of  fulminate  of  mercury,  S  parts  of  copper ;  water  at  212°  Fobr. 
6.  "  Fazes  in  market."    Probably  same  priming  as  No.  3. 

One  sample  purporting  to  be  of  his  manufacture  had  previously  been  received 
from  General  Newton  in  June,  1871.  It  was  decidedly  less  sensitive  than  those  sup- 
plied for  these  special  tests,  as  wiU  be  seen  below. 

Goodyear's  sample  was  received  in  April,  1874,  after  all  varieties  of  this  priming 
had  ceased  to  be  practically  used  at  Willeta  Point  His  exact  process  of  manufacture 
was  not  stated,  but  it  probably  did  not  differ  essentially  from  that  adopted  by  Smith. 

The  following  table  exhibits  the  results  of  electrometer  tests  of  these  several 
fuzes  made  after  the  instrument  had  been  perfected.    Many  earlier  measurements  are 
omitted  because  they  cannot  now  be  certainly  reduced  to  the  adopted  standard. 
The  Dowte  fuxe. 

SLSCTSOXETXR  TESTS. 


Uaker. 

Date. 

Nambcr 

Ignltlnc  ohATgo  In  mlorolknda. 

lUdiMka 

Hade. 

T»ied. 

UMed. 

LdML 

GraatMt. 

Ufa. 

Smith 

0«idrM.r 

Jmaauj.lSH... 

ftbniHj.lWl.. 
Hueh.MTB 

> 
10 

U 
T 
M 

E 
IS 

7 

11 
10 

•.oe 

1.0S 
O.IB 
O.OS 

0.07 
0.01 

o.oe 

.«, 

0.0E 
0.08 
1,01 

0.08 
0.M 
•.•3 

0.M 

8;  08 

aos 

D.81 

0.29 

0.13 
0.U 
8,811 
Lll 

8.07 
8.08 
8.88 
0.88 
0.08 
D.D> 
138 

0.M 
0.86 

0.10 

0.08 
0.33 

0-U 
0.13 
AS* 
0.87 

O.DS 
0.88 

0.08 
0.08 
0.08 
0.0* 

0.18 

..-do 

Aagotlim.... 
July,  mi 

FebrDM7,ll)T2.. 
....do 

....do 

....do 

lfarDh,ian 

Jano.ia71 

imandms.... 
J«ir,im 

imntiim.... 

Febrn«T,im.. 

Orlginiltndeaftlole. 
Do. 

SHnplgiro.1. 
SHnpleNo.!. 
SKnple  Ko.  1. 
SunptoNo.}. 
HkrkHl  "In  shl" 

Fnim  Generri  Hewton.  July,  1871. 

April,  MT» 

July,  1871 

April.  187* 

April.  1871 

Not  known 

April,  187* 

None  of  the  fuzes  in  the  foregoing  tests  failed  to  explode,  except  one  which  was 
defective  in  insulation ;  and  the  same  remark  may  be  made  of  the  many  hundred 
fired  in  various  practical  trials.  Hence,  this  priming  may  be  regarded  as  certain  to 
explode,  lapse  of  time  (eight  years)  causing  no  deterioration. 

The  addition  of  plumbago  is  a  decided  improvement,  by  reason  of  its  effect  in 
reducing  the  over-sensitive  character  of  the  priming;  but  it  is  not  a  certain  corrective, 
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as  may  be  seen  by  examining  the  column  showing  the  letist  igniting  charge.  Probably 
from  the  imperfection  of  mechanical  mixing,  some  individual  fuzes  remain  very  dan- 
gerous, and  I  know  of  no  test  by  which  they  can  be  detected. 

The  resistance  of  fulminate  of  copper  fuzes  varies  within  wide  limits  (10  megohms 
to  88  ohms  in  the  samples  measured),  depending,  of  course,  upon  the  percentage  of 
the  metallic  copper  and  plumbago,  and  upon  the  length  of  the  break  between  the  wire 
terminals.  The  average  may  be  taken  at  about  300,000  ohms ;  but  little  importance 
should  be  attached  to  this  matter  with  frictional  electricity,  since  there  seems  to  be  no 
law  connecting  the  resistance  and  sensitiveness  of  the  individual  fuzes. 

The  Browne  Fnie  (Ho.  IV)— High  Tennon.— This  excellent  fuze  was  submitted  to  me  for 
testing  with  those  named  above  on  February  9,  1872.  It  proved  to  be  safe,  certain, 
uniform,  and,  as  experience  has  shown,  not  liable  to  deteriorate  from  lapse  of  time  or 
exposure  to  ordinary  dampness.  It  was  immediately  placed  in  the  market  by  the 
Laflin  &  Rand  Powder  Company,  and  soon  superseded  the  fulminate  of  copper  fuze 
on  the  Hoosac  Tunnel  and  in  the  trade  generally. 

Like  the  rest  of  its  class  this  priming  is  specially  suited  for  frictional  apparatus. 
It  cannot  be  fired  by  an  ordinary  voltaic  battery,  or  by  most  kinds  of  magneto-electric 
apparatus.    The  original  composition  was  the  following : 

Piute. 
Fulminate  of  mercury 53 

Salphnret  of  antimony 13 

Powdered  antimony 34 

As  supplied  to  the  trade  the  usual  formula  has  been  four,  one,  and  three  parts, 
respectively,  this  slight  modification  being  made  solely  for  convenience  of  manufacture. 
The  two  compositions  do  not  differ  electrically. 

The  mixing  of  the  ingredients  is  done  in  a  dry  state.  The  metallic  antimony  is 
pulverized  in  a  mortar  and  passed  through  a  fine  sieve.  The  sulphuret  of  antimony 
(black  preferred)  and  the  fulminate  of  mercury  are  also  carefully  sifted.  To  mix  the 
composition  the  fulminate  is  again  passed  through  a  sieve  upon  a  sheet  of  paper,  and 
upon  it  are  sifted,  first  the  metal  and  then  the  sulphuret.  The  paper  is  then  bent  a 
few  times,  and  the  whole  compound  is  passed  twice  through  a  coarser  sieve,  which 
completes  the  process.  Only  a  small  quantity  should  be  treated  at  once,  and  always 
behind  a  thick  glass  plate,  secured  vertically  upon  the  table  as  a  protection  to  the 
operator. 

The  following  table  exhibits  the  results  of  the  various  electrometer  tests  of  this 
priming : 


BLEOTBIOAL  FUZES. 
The  Brwm  fiae  (Xo.  IV). 

SLBCTBOVETXB  TXSTfi. 

IfniOng  dhBrge  In  raloroftindi. 
I>«Mt.        GreMMt.         Heao. 


.   Febnur;.  1873  - 

.   M*7,1STI 

■    Febnuij,  I8T3  . . 


11873... 


April,  1871.. 
....do 

U^,ie73... 


UMcb.lS73.... 

.    April,1873 

.   Aprl1,lg7< 

.  J11I7, 1874 

.  IIucfa,187S.... 

.  Juiiiai7,  ]B7fl  . . 

.  March,  1B7R.... 

.   Uar.IBTa 

.    April,  1873 

.    Itay.lSIS 


.    Jiiiie,1873. 

.    Febniar;,  1874  . . 


From  these  tests  it  appears  that  out  of  352  of  these  fuzes,  made  at  ten  different 
tea  from  materials  purposely  varied,  none  failed  to  explode,  and  that  only  5  required 
jharge  exceeding  3.5  microfarads.  These  five  were  from  the  same  lot,  and  probably 
d  some  exceptional  defect 

Also,  that  out  of  these  352  fuzes  not  one  exploded  with  a  charge  below  the 
mdard  of  safety;  and  it  may  be  added  that  a  stream  of  uncondensed  sparks  fiilly 
[Quarter  of  an  inch  long,  from  a  small  frictional  machine,  has  often  been  passed 
rough  these  fuzes  for  several  minutes,  continuously,  without  a  single  instance  of 
plosion. 

Also,  that  the  average  charge  required  for  ignition  (see  page  198)  was  about  two 
crofarads,  a  charge  much  within  the  capacity  of  the  frictional  apparatus  usually 
iployed  in  blasting,  even  when  twenty  holes  are  to  be  fired  simultaneously. 

Also,  that  after  remaining  in  store  for  six  years  at  Willets  Point  no  sign  of 
terioration  could  be  detected. 

For  these  reasons  this  priming  has  been  approved  and  adopted  for  cases  in  which 
ligh-tension  fuze  may  be  required  in  our  military  mining  service.  It  has  often  been 
ed  in  experimenting  with  sub-aqneons  explosions  at  Willets  Point,  and  without  & 
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single  failure.  If  intended  to  be  placed  in  nitro-glycerine^  electrical  fuze  plugs  must 
always  be  carefully  constructed  to  prevent  the  oil  from  reaching  this  (or  any  other) 
priming,  since  leakage  is  destructive  to  sensitiveness.  Oar  adopted  pattern  is  quite 
safe  from  this  difficulty,  which  on  the  Hoosac  Tunnel,  at  one  time,  gave  rise  to  much 
trouble  and  caused  many  miss-fires 

The  new  priming  was  not  adopted  without  a  systematic  study  of  the  effect  of 
varying  the  proportions  of  the  several  ingredients.  The  following  experimental  com- 
positions were  made  and  tested  with  this  object  in  view,  the  mixing  in  all  cases  being 
dry: 

Priming  I,  fulminate  of  meroary,  100  parts;  sulphnret  of  antimony,  none;  powdered  antimony,  none. 
Priming  J,  fulminate  of  mercury,  50  parts ;  sulphuret  of  antimony,  50  parte ;  powdered  antimony,  none. 
Priming  K,  fulminate  of  mercury,  80  parts;  sulphuret  of  antimony,  none;  powdered  antimony,  20  parts. 
Priming  L,  fulminate  of  mercury,  67  parts ;  sulphuret  of  antimony,  none ;  powdered  antimony,  33  parts. 
Priming M,  fulminate  of  mercury,  57  parts;  sulphuret  of  antimony,  none ;  powdered  antimony,  43  parts. 
Priming  N,  fulminate  of  mercury,  50  parts ;  sulphuret  of  antimony,  none ;  powdered  antimony,  50  parts. 
Priming  O,  fulminate  of  mercury,  44  parts ;  sulphuret  of  antimony,  11  parts ;  powdered  antimony,  45  parts. 
Priming  P,  fulminate  of  mercury,  40  parts ;  sulphuret  of  antimony,  10  parts ;  powdered  antimony,  50  parts. 

• 

ModiJUsations  of  Braum^s  priming. 

SLECTROMBTSB  TESTS. 


Esperimental 

Date. 

Vumber 
tested. 

Igniting  charge  in  microfarads. 

Remarks. 

lC4de. 

Testod. 

Least. 

Greatest 

Mean. 

T'n  III  in  tt  J  • .  * . 

ICay.UTS 

. . .  .do 

ICay,  1873 

.  ...do  . ...... .... 

5 
10 
10 
13 
10 
21 
28 

4 

12.75 
8.92 
L88 
8.02 
8.44 
2.19 
LM 
2.47 

12.75 
5.83 
5.88 

8.45 
8.20 
12.75 
8.88 
4.08 

12.75 
4.48 
8.05 
4.48 
4.84 
8.48 
8.87 
8.87 

Three  required  4  tarns  Smith  machine. 

• 
Nest  greatest  8.92  microfisrads. 

Priminff  K . . .  - 

....do 

•■••QO  ••••«•••••• 

....do  ........... 

....do 

....do 

Priminr  Nr  r  -  - 

....do ....... .... 

....do  ........... 

Priming  0 . . . . 
Prinl&g  P . . . . 

1872  and  1878.... 
▲ngast,  1872 

1872  and  1878.... 
Septemb«r,1872. 

These  tests  were  all  made  with  the  Ley  den  jar  as  a  condenser  (see  page  192),  and 
the  number  of  fuzes  tested  was  evidently  not  great  enough  to  render  it  certain  that 
precise  averages  were  obtained;  but  they  were  regarded  as  sufficient  to  show  that 
Browne's  original  proportions  were  well  chosen,  and  they  were  accordingly  adopted. 

The  Mowbray  Tnset— High  Tension George  M.  Mowbray  supplied  nitro-glycerine,  of 

excellent  quality,  in  large  quantities  to  the  Hoosac  Tunnel  and  to  other  similar  works. 
Accidents  in  its  use,  even  when  really  due  to  the  over-sensitive  character  of  the  elec- 
trical fuzes,  were  often  wrongly  attributed  to  the  dangerous  nature  of  that  new  explo- 
sive. Accordingly,  he  was  keenly  alive  to  the  importance  of  improving  the  supply 
in  the  market ;  and  both  by  his  writings  and  by  his  efforts  to  discover  a  safe  priming, 
he  contributed  to  bring  about  this  desirable  result. 
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His  first  eflForts  were  directed  to  imitating  or  improving  the  Abel  priming ;  but, 
9  ali*eady  seen,  he  failed  in  so  doing. 

His  next  step  was  to  devise  an  entirely  original  priming,  which  he  patented  on 
[arch  5,  1872.  Its  composition  was  the  following,  the  mixture  being  effected  when 
le  components  were  still  moist  after  being  ground  with  alcohol ;  subsequently,  it  was 
ried  and  passed  through  a  fine  sieve: 

Potuaium  chlorate,  1  part;  mercnrio  anlphide,  3  parte. 

This  patent  was  usually  known  as  his  "vermilion"  fuze;  but  it  proved  to  be 
eficient  in  sensitiveness,  as  will  be  seen  below.  The  dangers  resulting  from  frequent 
liss-fires  with  it,  were  no  less  formidable  than  those  arising  from  the  other  and  more 
ammon  defect  of  over-sensitiveness. 

On  April  7,  1873,  he  sent  me  three  new  samples  for  trial,  of  which  the  composi- 
on  was  the  following : 

Sample  A. — Falmiaato  of  mercnry,  5  parts;  powdered  aotiinODf,  8  parts. 
Sample  B. — Folminate  of  inercnry,  8  part* ;  powdered  bismuth,  5  parte. 
Sample  C. — Falminate  of  mercnr;,  5  parte;  powdered  cadmiom,  4  parte. 

The  metallic  ingredients  were  ground  very  fine,  and  mixed  under  water  with  the 
ilminate.  Sufficient  fluid  was  used  to  cover  the  solid  materials  about  half  an  inch, 
'he  vessel  was  allowed  to  stand  for  twenty-four  hours,  the  contents  being  occasion- 
lly  stirred ;  when  the  excess  of  water  was  decanted  and  the  mixture  was  dried, 
ample  C  was  charged  moist,  the  others  dry. 

The  following  table  exhibits  the  results  of  the  electrometer  tests  of  these  several 
rimings : 

The  Mowbray  Juzes. 

ELECTBOMBTEK  TESTS. 


I>.te. 

Nomber 

IgulUug 

BedurkL 

l-d*. 

TcaM. 

tMMd. 

L«ut. 

OrsMot 

Ifau. 

rennUlon... 

iP'iU'^ 

April.  1S73 

April.  1879 

May.  1878 

Man>l.,I»7< 

lUy.lS7» 

April.  IMS 

8 
30 

1.83 
O.SS 

0.M 

3.44 
ICM 
1.81 

S.I)S 

3.44 

X.3S 

a.M 
1.4a 

On«  bil«d  with  Smith  luehiDe. 

—pl'A 

Mv.isra 

....do 

April,  187! 

Do 

Pl 

-1 

These  tests  show  tjiat  while  the  vermilion  fuze  lacks  the  requisite  delicacy,  the 
her  three  are  all  worthy  of  study.  Sample  A  was  selected  as  probably  the  best, 
id  a  supply  was  ordered ;  which,  as  shown  in  the  table,  has  been  occasionally  sub' 
cted  to  tests  with  the  electrometer,  and  has  often  been  used  in  practical  torpedo 
[periments.  No  failure  to  explode  has  occurred,  and  it  is  believed  to  be  a  safe, 
liform,  and  certain  priming,  not  liable  to  deterioration  from  lapse  of  time  or  exposure 
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in  a  damp  climate.  Indeed,  it  appears  to  be  electrically  the  equivalent  of  its  prede- 
cessor, the  Browne  No.  IV  fuze,  which  it  resembles  in  chemical  composition. 

Like  all  of  its  class  (high  tension)  it  is  only  suited  for  use  with  electricity  of  high 
potential.  Mowbray  has  adopted  it  for  his  Powder  Keg  frictional  battery,  and  it  bears 
a  good  reputation  in  this  countr}'-. 

The  Oiant  Powder  Company  Foie— High  Teniion.— This  well-known  company  supply  a  fuze 
for  use  with  their  dynamites,  which  has  been  carefully  studied.  The  composition  and 
mode  of  manufacture  are  not  made  public,  but  a  rough  analysis  furnished  the  fol- 
lowing results : 

Parts, 
Oxide  of  ziac 70.36 

Oxide  of  lead  (litharge) 10.03 

Ammonia  nitrate  of  silver  (calculated  fh>m  nlver  present) 22.52 


102.91 


The  fuze  exhibits  an  exceptionally  high  resistance,  which,  combined  with  its 
sensitive  character,  renders  some  care  necessary  in  deciding  upon  its  exact  classifica- 
tion as  to  safety.  The  samples  were  received  in  March,  1874,  and  the  following  table 
exhibits  the  results  of  the  electrometer  tests. 


The  Oiant  Powder  Company  fuze. 

BLECTBOHETBB  TSST& 


lisker. 

I>»te. 

Number 
tested. 

Igniting  charge  in  mlorofarads. 

Romarka. 

Made. 

Tested. 

Mar«h,lS74.... 
. ...do  - ......... 

Least. 

1.88 
0.75 
0.38 
0.94 
0.35 
0.45 

Greatest 

Mean. 

Detwiller,  Btre«t  &  Co.. 

Msi«h,1874 

....do 

10 
4 
10 
10 
10 
10 

2.11 
1.02 
0.61 
1.29 
0.45 
2.11 

1.84 
0.89 
0.52 
1.09 
0.38 
1.33     * 

Condenser,  jar, 
Condenser,  mica. 
Condenser,  Ko.  1. 
Condenser,  No.  2. 
Condenser,  none. 
Condenser,  Jar. 

....  do  ........... 

March,  1879 

....do 

....  do ... 

....do 

....do 

....do 

April.  1879 

This  fuze  has  already  been  discussed  when  treating  of  the  theory  of  ignition  of 
high-tension  fuzes  (page  197);  and  the  conclusion  that  it  explodes  with  a  charge  of 
about  0.4  of  a  microfarad  when  the  potential  is  high  enough  to  force  this  quantity 
through  the  priming,  is  there  reached.  It  must,  accordingly,  be  classed  as  over-sensi- 
tive, although  perhaps  not  very  dangerously  so.  The  priming  appears  to  be  certain 
in  its  action,  and  to  be  free  from  any  tendency  to  deterioration  from  long  storage. 

The  Smith  Gold  Foil  Pnie.— This  fuze,  which  was  submitted  to  me  for  trial  by  the 
Laflin  &  Rand  Powder  Company,  in  May,  1876,  is  decidedly  original.  The  object 
proposed  by  the  inventor,  H.  J.  Smith,  was  to  combine  a  very  low  resistance  with  a 
safe  priming ;  and  thus  to  permit  large  numbers  of  fuzes  to  be  fired  simultaneously 
with  a  frictional  machine,  without  danger  either  of  premature  explosions  or  of  miss- 
fires.  The  enormous  resistance  of  the  ordinary  safe  primings  used  with  this  class  of 
^o.  23 28 
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apparatuB,  restricts  the  number  of  ignitions,  in  practice,  to  from  15  to  20  holes — the 
connection,  of  course,  being  in  series,  since  a  spark  will  not  subdivide  according  to 
any  uniform  rule.     This  limit  Smith  hoped  to  extend. 

Tlie  fuze  was  patented  in  February,  1876,  and  is  to  be  regarded  as  includiog 
much  more  than  a  mere  modification  of  priming.  It  embodies  a  new  idea  in  fuze 
manufacture  which  may  hereafter  be  susceptible  of  development,  and  which  at  any 
rate  opens  the  wliole  problem  of  primings  anew  to  investigation.  At  an  earlier 
period,  a  thorough  experimental  study  would  have  been  given  to  this  invention ;  but 
the  general  introductiou  of  low-tension  (fine  wire)  fuzes  into  our  market,  and  their 
exclusive  adoption  for  the  Torpedo  Service  have  heretofore  prevented  me  fi-om  under- 
taking it.  The  new  fuze  in  the  shape  devised  by  Smith  was  carefully  tested,  as  will 
be  seen  below. 

This  fuze  differed  from  those  in  the  market  in  some  unimportant  details  of  coo- 
struetion — the  copper  conducting  wires  being  replaced  by  iron  insulated  with  cotton, 
etc. ;  but  the  real  characteristic  feature  consisted  in  a  strip  of  gold  foil  (four  times 
the  thickness  usually  employed  in  gilding)  cemented  to  the  head  of  the  wooden  plug 
between  the  inner  terminals  of  the  fuze  wires,  which  were  bent  or  crimped  down 
firmly  upon  it.  This  arrangement  afforded  a  continuous  metallic  circuit  for  the 
spark,  but  did  not  prevent  the  ignition  of  the  priming  (the  gold  foil  being  usually 
de'^grated  by  its  passage).  The  priming  consisted  of  equal  parts  of  potassium 
chlorate,  sulphuret  of  antimony,  and  fulminate  of  mercury.  No  special  priming 
chamber  was  provided,  the  priming  and  exploding  charge  being  the  same  composition. 

The  electrical  resistance  of  the  first  sample  of  these  fuzes  lay  between  0.4  ohms 
and  3  ohms;  but  later  samples  varied  between  much  wider  limits.  Some  gave  from 
4  to  10  obraa,  indicating  a  bad  contact}  and  others  gave  a  megohm,  indicating  none 
whatever.  ^Corresponding  differences  in  the  tests  showed  that  the  first  sample  was 
decidedly  the  better — the  result  doubtless  of  more  care  in  the  manufacture.  The 
following  table  exhibits  the  results  of  these  tests,  no  failures  to  explode  occurring. 

The  Smith  gold  foil  fuze. 

,  ELBCTBOHBTBB  TESTS. 


Maker. 

Date. 

Kuniber      ^^^*  ^^ 

Ibde. 

Tatod.  ' 

•""■I  ^ 

1.W 

Maao. 

HaT.lBTS 

MW.I*™ 

April,  im 

Oot«ber,im7... 

....do  

JaDuarr.lMB... 

,.    1    ..> 

10               1.3i 
!l               LU 
W               1.41 

Septtml™.  im. 

1.55 

1.44 

3.4* 

3n 

TeoahowriMctiBlaoC 

These  tests  certainly  indicate  that  this   fuze  is  safe,  uniform,  and,  if  carefully 
made,  of  a  very  good  degree  of  sensitiveness.     The  tests  for  permanency  were  not 


MEDIUM  AND  HIGH  TBNSIOK 


219 


continued  long  enough  to  be  decisive,  but  a  slight  tendency  to  lose  sensitiveness  is 
possibly  indicated.  This,  if  true,  is  of  no  serious  importance,  since  it  can  certainly 
be  corrected  by  changing  the  priming.  The  fuze  has  been  in  the  market  for  several 
years  and  bears  a  good  reputation. 

Although  specially  intended  for  frictional  apparatus,  this  fuze  can  usually  be 
fired  by  a  voltaic  battery ;  and,  indeed,  by  the  whole  class  of  magneto-electric  appa- 
ratus designed  for  use  with  low-tension  (fine  wire)  fuzes.  A  few  tests  were  made, 
by  the  method  soon  to  be  explained,  to  determine  its  merits  for  this  use  ;  and  although 
they  did  not  result  favorably  they  will  be  given  in  full,  because  certain  interesting 
facts  were  developed. 

The  Smith  gold  coU  fuze. 

VOLTAIC  BATTSBY  TBST& 


Smpto. 

Besistaoce. 

Firing  ourrent 

BemarlcB. 

Cold. 

At  ignition. 

Difference. 

■ 

Ohmg, 

Ohm$. 

Ohfn$, 

Wtberi, 

1 

0.88 

0.02 

+0.08 

1.08 

9 

2 

1.00 

0.08 

-0.04 

1.87 

8 

8.00 

«  •  •  « 

•  •  •  • 

Ciieait  C6Med  at  0.25  webers. 

4 

2.28 

2.80 

+0.11 

0.86 

S 

1.88 

•  •  •  • 

•  •  •  • 

Circuit  oeaMd  at  0.25  webers. 

6 

1.32 

1.50 

+0.18 

0.82 

7 

LOO 

1.74 

+0.14 

0.42 

8 

1.00 

1.44 

+0.44 

0.82 

9 

2.45 

2.84 

+0.10 

0.38 

10 

6.80 

2.18 

-4.58 

0.81 

11 

0.88 

1.08 

+0.12 

0.88 

12 

L83 

1.90 

—0.08 

0.48 

Hmi] 

I  onrrent 

0.84 

From  this  table  it  appears  that  of  the  twelve  fuzes,  two  failed  by  the  burning  oflF 
of  the  gold  foil  circuit  under  test.  Possibly  if  a  strong  current  had  been  instantly 
applied,  this  would  not  have  occurred ;  but,  joined  to  the  considerable  variation  in 
the  firing  current,  the  fact  is  sufficient  to  condemn  the  arrangement  for  use  as  a  low- 
tension  ^ze.  In  seven  fuzes  the  resistance  increased,  normally,  by  the  gradual  heat- 
ing of  the  gold  foil  bridge  ;  but  in  the  other  three  this  resistance  diminished — in  one 
sample,  very  much  (4.56  ohms).  It  will  hereafter  appear  that  unless  the  bridge  be 
soldered  to  the  wire  terminals  this  result  is  always  liable  to  occur  with  low -tension 
fuzes,  probably  fi-om  the  expansion  of  the  bridge  and  the  consequent  motion  of  the 
points  of  contact  as  the  temperature  rises. 

The  Ooodyear  Fnie— High  TeniioiL— In  January,  1875,  George  A.  Goodyear  submitted, 
for  trial,  a  new  high-tension  priming,  of  which  the  composition  was  the  following : 

Parts. 

Picrateoflead 60 

Pota«iam  chlorate 25 

Potassium  nitrate 15 
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Tlie  resistance  of  his  fuzes  charged  with  this  priming  exceeded  10  megohms, 
and  they  were  only  suited  for  use  with  electricity  of  high  potential,  such  as  tliat  sup- 
plied by  frictional  machines,  Siemens'  spark  machine,  and  induction  coil  apparatus. 

Six  fuzes  were  immediately  tested  with  the  electrometer,  giving  for  the  least 
igniting  charge,  0.29  microfarads ;  greatest,  0  85  microfarads ;  and  mean,  0.47  micro- 
farads. Repeated  in  April,  1F.79,  the  test  gave  for  four  fuzes :  least,  0.14  microfu^s ; 
greatest,  1.14  microfarads;  mean,  0.56  microfarads.  According  to  the  adopted  standard 
of  safety  this  priming  must,  therefore,  be  classed  as  over-sensitive.  It  seems  to  be 
fairly  uniform  and  not  liable  to  deterioration  after  a  storage  of  four  years  ;  but  more 
numerous  trials,  of  course,  are  requisite  before  any  decided  opinion  can  be  formed 
on  these  points.     It  has  never  been  placed  in  the  market 

The  HOI  Pnie— Medinm  Taniion.— This  fuze,  devised  by  Prof.  W.  N.  Hill,  of  the  tor- 
pedo station  at  Newport,  is  adopted  in  the  United  States  Naval  Torpedo  Service  for 
use  with  frictional  electricity,  and,  in  a  slightly  modified  form,  for  contact  primers. 

The  formula  for  the  electrical  priming  is  the  following : 

Put*. 

PotMainin  cUontta 45.00 

Snlphide  of  Mttimonf 20.75 

Bed  phmpbonu 5.75 

Plombftgo 28.50 

For  contact  torpedoes  it  is  modified  as  follows : 

Put*. 

PotaaBinm  cUorate 60.5 

Siilpliideof  antimoDy.. ,.: 33.5 

Red  phospboros 6.0 

The  ingredients  (dry)  are  first  prepared  separately,  being  pulverized  in  an  agate 
mortar,  and  care  being  taken  that  the  amorphous  phosphorus  is  free  from  ordinary 
phosphorus.  Alcohol  is  poured  in  the  mortar ;  the  potassium  chlorate  is  added,  and 
ground  thoroughly  with  a  pestle ;  the  sulphide  of  antimony  is  then  added,  and  the 
grinding  is  repeated ;  the  phosphorus  follows,  and  is  well  incorporated  in  the  same 
manner;  lastly,  the  plumbago  is  inserted,  and  the  whole  is  well  ground  together. 
The  excess  of  alcohol  is  then  removed,  and  the  proper  charges  are  taken  out  with  a 
wooden  spatula  and  placed  on  bibulous  paper  to  thoroughly  dry.  When  wet  with 
alcohol  this  priming  is  quite  safe,  but  when  dry  it  is  very  sensitive  and  should  be 
handled  behind  glass.     The  fuzes  may  be  primed  with  it  in  either  state,  as  preferred. 

Fuzes  with  this  priming  have  never  been  placed  in  the  market,  but  they  have 
given  results  satisfactory  to  the  naval  authorities.  A  few  tests  with  my  electrometer 
indicate  that  it  is  a  very  safe  fuze,  requiring  several  microfarads  for  ignition. 

Experimental  Primingi.— It  only  remains  to  notice  a  few  of  the  best  primings  made 
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for  trial  during  the  progress  of  investigations  in  this  subject  at  Willets  Point,  and 
not  already  mentioned  in  the  foregoing  pages  as  modifications  of  other  fuzes.  Such 
are: 


Priming  Q.- 
Priming  R.- 
Priming  S.- 

Priming  T.- 

Priming  U.- 


-PotaBsiniD  chlorate,  44  part«;  ftilminate  of  mercnry,  45  parts;  horn  carbon,  1  part. 
-Potassium  chlorate,  36  parts ;  sulpharet  of  antimony,  36  parts ;  sulphnret  of  copper,  28  parts. 
-Potassium  chlorate,  42  parts ;  potassium  ferro-cyanide,  25  parts ;  powdered  sugar,  21  parts ;  horn 

carbon,  12  parts. 
-Potassium  chlorate,  34  parts ;  sulphnret  of  antimony,  33  parts ;  potassium  bichromate,  10  parts ; 

ferric  peroxide,  13  parts ;  horn  carbon,  10  parts. 
-Potassium  chlorate,  45  parts ;  bisulphuret  of  tin,  44  parts ;  horn  carbon,  11  parts. 


Of  these  samples  Q  varied  in  resistance  between  5,000  ohms  and  1  megohm,  R 
between  4,000  and  11,000  ohms,  and  the  rest  all  exceeded  1  megohm. 

Special  primings* 
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Primings. 

I>ftte. 

Number 
tesled. 

Igniting  eharge  in  micreHuads. 

Remarks. 

Hade. 

Tested. 

Least. 

Greatest. 

• 

Mean. 

Q 

January,  1876. 
....do  ......... 

Jannary,  1876. 
....do 

10 
20 
12 
11 
11 

L80 
0.53 
2.19 
2.82 
2.00 

8.83 
1.10 
6.61 
5.02 
2.55 

2.61 
0:78 
8.25 
3.60 
2.26 

Two  failed  at  5.61  microfarads. 
One  fiidled  with  Smith  machine. 

R 

S 

....do 

..••do  ......... 

T 

. . . .do  ......... 

....do  ...•.>«•• 

U 

....do    ...a..**. 

....do  ......... 

Perhaps  these  primings  all  merit  more  study,  especially  sample  R,  which  seems 
to  come  nearest  the  minimum  safety  standard  of  the  many  fuzes  tested ;  but  the  pres- 
sure of  other  work,  and  the  final  adoption  of  the  low-tension  class  for  our  submarine 
mines,  have  prevented  me  from  continuing  the  investigation. 

The  Browne  Componnd  Foie— High  and  Low  Teniion.^This  ingenious  device  of  C.  A. 
Browne  was  received  in  June,  1872.  It  is  designed  for  use  either  with  a  voltaic  bat- 
tery or  with  frictional  electricity.  It  consists  of  a  wooden  spool,  one  end  of  which  is 
closed  by  a  small  hollow  plug  containing  a  platinum  wire  fuze  of  the  ordinary  form  •,. 
the  other  is  closed  in  like  manner  by  a  similar  plug  arranged  as  a  high-tension  fuze. 
Between  the  two,  inside  the  spool,  is  placed  the  ordinary  detonating  charge  of  fulmi- 
nating mercury.  The  main  fuze  wires  are  connected  with  each  of  these  small  fuzes, 
with  the  high  tension  directly,  and  with  the  low  tension  through  two  5-foot  lengths  of 
No.  22  copper  wire,  B.  W.  G.,  insulated  with  a  double  wrapping  of  cotton,  and  coiled 
round  the  outside  of  the  spool. 

When  the  requisite  voltaic  current  (about  0.85  webers)  is  sent  through  this 
arrangement,  it  follows  the  long  route  and  explosion  results  from  the  heating  of  the 
fine  wire. 
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When  a  spark  is  employed,  from  its  well-known  tendency  to  seek  the  shortest 
rente  even  at  the  cost  of  overcoming  a  great  resistance,  it  ignites  the  high-tension 
priming  (Browne  No.  IV)  without  sensible  subdivision  through  the  shunt 

For  ordinary  uses  this  fuze  possesses  no  merit  commensurate  with  its  increased 
cost;  but  it  is  easy  to  see  how,  by  a  slight  modification,  it  might- be  arranged  for  a 
torpedo  which  is  designed  to  be  fired  either  by  judgment  or  by  the  action  of  a  vessel 
upon  a  circuit  closer. 

Special  Expsrimenti.— Of  many  trials  made  from  time  to  time  with  fiizes  of  the  classes 
now  under  consideration,  a  few  are  deemed  worthy  of  mention  here. 

The  familiar  fact  that  any  disturbance  of  electrical  equilibrium  in  one  conductor 
will  induce  a  disturbance  in  that  of  a  neighboring  conductor  insulated  from  it,  sug- 
gested to  C.  A.  Browne  a  safe  method  of  employing  fuzes  which,  if  joined  in  the  main 
circuit,  are  dangerously  over-sensitive ;  and  he  communicated  the  idea  to  me  in  March, 
1872.  It  consisted  in  throwing  a  short  portion  of  one  of  the  main  leading  wires  into 
a  spiral  and  wrapping  the  wires  of  one  of  his  fulminate  of  copper  fuzes  (each  wire  3 
feet  long)  around  it  continuously  in  opposite  directions,  and  then  joining  the  ends; 
thus  bringing  the  fuze  in  the  middle  of  a  short  secondary  circuit  entirely  separate 
from  the  leading  wires.  We  found  that  a  spark  from  a  Smith  machine,  about  a  quarter 
of  an  inch  long,  passed  through  the  latter  would  fire  the  fuze  by  induction,  while 
ordinary  voltaic  and  m^;neto-electric  currents  produced  no  effect. 

I  made  several  experiments  to  develop  this  idea,  and  found  it  to  be  quite  practi- 
cable to  increase  the  sensitiveness  to  any  desired  extent  By  using  30  inches  of  well 
insulated  wire,  No.  20  B.  W.  G.,  as  the  primary  coil  in  the  main  circuit,  and  envelop- 
ing it  with  from  8  to  16  feet  of  No.  26  B.  W.  G.  for  the  secondaiy  (or  fuze)  circuit,  the 
Abel  and  other  safe  fuzes  could  be  easily  fired ;  while  with  much  shorter  wires  fuzes 
ordinarily  dangerous  could  be  safely  used  and  certainly  exploded.  The  probability  of 
increasing  by  this  method  the  number  of  simultaneous  ignitions  suggested  itself,  since 
the  spark  is  not  required  to  traverse  the  immense  resistance  opposed  by  the  fuzes,  but 
the  investigation  was  not  pursued. 

The  reverse  problem — how  to  prevent  induced  currents  from  causing  premature 
explosions-~wa8  far  more  important,  so  long  as  high  and  medium  tension  fuzes  formed 
part  of  our  submarine  mining  system;  and  it  therefore  exacted  careful  study.  So&r 
as  the  investigation  was  confined  to  my  automatic  operating  apparatus,  the  results  no 
longer  have  any  practical  importance,  and  hence  will  not  be  reported  here ;  but  where 
they  possess  general  interest  they  will  be  put  on  record. 

The  experiments  of  which  the  following  is  a  brief  summary,  were  begun  in  1872, 
to  verify  and  investigate  certain  results  reported  in  Europe. 

Two  wires  insulated  with  India-rubber  protected  by  tape  wrapping  (resistance 
about  18  ohms  per  statute  mile)  were  laid  side  by  side  from  the  old  laboratory  to  the 
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end  of  the  engineer  wharf  at  Willets  Point,  a  distance  of  about  1,000  feet  At  the 
wharf,  a  fuze  was  attached  to  each  wire,  and  the  circuits  were  continued  to  sheet-brass 
earth  plates,  1 2  by  1 2  inches,  placed  in  the  water  50  feet  apart.  At  the  laboratory, 
one  of  the  wires  was  attached  to  a  Smith  machine,  of  which  the  other  pole  was  put 
to  earth ;  and  the  other  wire  was  insulated  in  the  air  5  0  feet  from  the  instrument 
Whether  Abel  or  Brf»wne  No.  IV  fuzes  were  used,  both  exploded  when  a  2-inch  spark 
was  sent  through  the  circuit  connected  witli  the  machine.  A  like  result  was  usually 
obtained  with  the  two  leading  wires,  3,  4,  and  5  feet  apart ;  but  when  they  were  over 
6  feet  apart,  a  Browne  No.  IV  fuze  in  the  detached  circuit  always  failed  to  explode. 

With  wires  arranged  as  above,  side  by  side,  my  extra  cun'ent  coil  (see  next  chap- 
ter) operated  by  50  large  Smee  cells,  caused  the  explosion  of  a  Browne  No.  IV  fuze  in 
the  detached  circuit  only  once  in  seven  trials. 

A  coil  of  small  wire,  having  a  resistance  of  12.5  ohms,  was  next  placed  in  the 
detached  circuit  close  to  the  fuze  and  on  the  land  side.  This  seemed  to  protect  the 
fuze  (Browne  No.  IV)  against  explosion,  whether  the  extra  current  coil  or  a  Smith 
machine  giving  a  2-inch  spark  was  used. 

Tlie  taped  wires  were  now  replaced  by  single  conductor  armored  cables  of  the 
pattern  adopted  for  our  Torpedo  Service.  A  2-inch  spark  from  a  Smith  machine 
usually,  but  not  always,  fired  the  fuze  in  the  detached  circuit,  whether  the  cables  laid 
side  by  side,  or  were  1,  2,  3,  or  4  feet  apart. 

Under  like  conditions,  a  1-inch  spark  exploded  both  fuzes  with  the  cables  1  foot 
apart ;  but  a  half-inch  spark  failed  to  ignite  the  detached  fuze. 

The  circuit  including  the  Smith  machine,  was  now  detached  from  the  earth  plates, 
the  return  being  by  the  iron  armor  of  the  torpedo  cable.  Results  similar  to  those 
recorded  above  were  obtained. 

The  Smith  machine  was  now  replaced  by  a  small  induction  coil,  giving  an 
uncondensed  spark  5  inches  in  length.  Results  similar  to  those  recorded  above 
were  obtained ;  but  with  more  failures,  due  probably  to  the  difficulty  of  securing 
good  insulation  for  a  spark  of  so  high  potential. 

The  partial  success  attending  the  attempt  to  arrest  the  induced  spark  by  the  intro- 
duction of  the  small  resistance  coil  (12.5  ohms)  between  the  fuze  and  the  cable,  sug- 
gested the  introduction  of  a  small  break  in  the  circuit  (about  0.0 1  of  an  inch)  at  the 
same  place — ^a  similar  break  being  also  similarly  placed  in  the  other  cable.  This  proved 
perfectly  successful  with  1-inch  sparks  from  a  Smith  machine,  with  5-inch  sparks  from 
the  induction  coil,  and  with  J-inch  condensed  sparks  from  tlie  portable  induction  coil 
devised  for  judgment  firing  (see  next  chapter) — Browne  No.  IV  fuzes  being  used. 

The  eflfect  of  submerging  the  two  armored  cables  in  salt  water  was  next  tested. 
With  two  cables  700  feet  long,  thus  submerged,  joined  to  land  leading  wires  400  feet 
long,  the  two  circuits  being  about  1  foot  apart,  a  Browne  No.  IV  fuze  in  the  detached 
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circuit  could  not  be  fired  by  a  2-inch  spark ;  but  over-sensitive  (fulminate  of  copper) 
fuzes  could  be  thus  exploded.     No  breaks  were  used  in  these  trials. 

In  1874  these  experiments  were  continued  with  T-strand  multiple  cables,  of  the 
pattern  adopted  for  our  submarine  mining  service  (India-rubber  insulation). 

A  length  of  1  mile  coiled  upon  a  drum  was  first  used,  on  land. 

With  a  Siemens  spark  machine  connected  to  one  core  at  one  end,  the  other  cores 
being  insulated,  and  seven  Browne  No.  IV  fuzes  umting  the  single  metallic  return  cir- 
cuit to  the  seven  cores  at  the  other  end,  all  exploded ;  but  breaks  of  0.01  of  an  inch, 
inserted  as  above,  quite  destroyed  the  inductive  effect  An  inch  spark  from  a  Smith 
machine,  however,  fired  several  fuzes  even  when  the  breaks  were  used. 

When  the  earth  was  used  for  the  return  circuit,  the  Siemens  spark  machine  occa- 
sionally fired  wrong  fuzes  by  induction,  notwithstanding  the  protection  of  ^-inch 
breaks.  In  fine,  I  reached  the  conclusion  that  the  induction  in  a  mile  of  multiple 
cable  coiled  on  its  drum  on  land,  is  too  gi-eat  to  be  controlled,  whether  a  Smith 
machine,  or  a  Siemens  spark  machine,  or  even  the  service  portable  induction  coil, 
giving  4-inch  condensed  sparks,  be  used. 

The  same  cable  was  then  submerged,  with  land  leading  wires  1,000  feet  long 
placed  side  by  side,  and  the  experiments  were  repeated,  the  fuzes  (Browne  No.  IV) 
being  at  Fort  Schuyler  and  the  igniting  apparatus  at  Willets  Point,  and  the  earth 
making  the  return  circuit.  As  had  been  anticipated  from  the  results  obtained  by  sub- 
merging the  single  conductor  cables,  no  trouble  occurred  from  induction,  whether  a 
Smith  machine  giving  a  2-inch  spark,  or  a  Siemens  spark  machine,  or  a  service  induc- 
tion coil  (^-inch  condensed  spark)  was  used — the  breaks  of  0.01  of  an  inch  proving  a 
sure  protection  against  accidental  explosions.  All  these  apparatus  fired  the  fuze 
through  the  break  on  the  selected  core  without  difficulty.  Hence,  I  should  appre- 
hend no  serious  annoyance  in  operating  mines  with  fuzes  thus  protected,  when  the 
cables  are  submerged  and  well  instdated.  It  must,  however,  be  admitted  that  danger 
from  induced  currents  is  a  very  serious  objection  to  the  employment  of  either  medium 
or  high-tension  fuzes  in  submarine  mining;  and  it  had  much  to  do  with  their  ultimate 
exclusion  from  our  system. 

LOW-TEVSIOV  FTFZES. 

The  name  low  tension  is  applied  to  that  class  of  electrical  fuzes  which  are 
exploded  by  the  heating  of  a  very  fine  wire  bridge,  uniting  the  insulated  conductors 
in  the  priming  chamber,  to  a  degree  sufficient  to  ignite  the  priming  in  which  it  is 
embedded.  Such  fuzes  differ  in  the  kind,  diameter,  and  length  of  the  wire,  and  in 
the  chemical  composition  of  the  priming. 

Low-tension  fuzes  admit  of  two  distinct  kinds  of  tests — one,  for  service,  to  verify 
the  condition  of  an  iodividual  fuze ;  the  other,  elaborate,  to  deteimine  the  general 
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character  of  a  particular  pattern  both  in  respect  to  sensitiveness  and  to  uniformity. 
The  latter  is  destructive  to  the  fuze,  the  former  is  not. 

The  former  test  consists  in  measuring  the  electrical  resistance  of  the  fine  wire 
bridge  and  insulated  conductors  by  any  of  the  usual  methods,  and  comparing  the 
result  with  the  known  standard  value.  If  the  two  accord,  the  circuit  is  in  good  order ; 
and  hence  it  may  be  assumed  that  explosion  will  follow  if  the  requisite  current  be 
employed 

The  latter  test  is  more  elaborate.  It  should  include  the  accurate  measurement 
of  the  minimum  strength  of  current  required  to  heat  the  fine  wire  bridge  sufficiently 
to  ignite  the  priming ;  the  electrical  resistance  of  this  wire  when  cold ;  and  the  same, 
at  the  instant  of  explosion.  After  trying  various  plans  for  accomplishing  these  objects, 
I  finally  devised  the  following,  which  has  proved  to  be  perfectly  satisfactory. 

Method  of  Elaborate  Testing.— The  instruments  employed  consist  of  a  Helmholtz- 
Gaugain  galvanometer,  of  which  the  weber  coefficient  is  accurately  known ;  a  Kirch- 
hoff- Wheatstone  bridge ;  a  standard  ohm ;  a  Siemens  universal  galvanometer  for  use 
with  the  bridge ;  a  Wheatstone  rheostat  for  gradually  and  uniformly  reducing  the 
resistance  in  circuit ;  a  set  of  coarse  wire  resistance  coils  aggregating  about  100  ohms ; 
and  a  battery  of  from  three  to  six  small  Grove  cells. 

The  connections  are  shown  on  Plate  XXII,  Fig.  1.  Three  observers  are  neces- 
sary. One  stations  himself  at  the  bridge,  to  manipulate  the  contact  piece  ''  a"  so  as 
to  keep  the  needle  of  the  delicate  Siemens  galvanometer  at  zero ;  another  watches 
the  indications  of  the  Helmholtz-Gaugain  galvanometer  and  notes  the  reading  at  the 
instant  of  explosion ;  the  third  regulates  the  resistance  of  the  circuit  by  the  coils  and 
by  adjusting  the  Wheatstone  rheostat. 

The  first  object  is  to  ascertain  the  fixed  resistance  of  the  side  of  the  bridge  in 
which  the  fuze  is  to  be  placed.  This  is  done  by  unplugging  a  large  resistance  in  the 
set  of  resistance  coils ;  connecting  together  the  wires  to  which  the  fuze  will  be 
attached;  and  then  measuring  the  resistance  of  the  circuit — which  comprises  the 
Helmholtz-Gaugain  galvanometer  (coarse  coils)  and  the  leading  wires.  The  results 
deducted  from  all  subsequent  measurements,  will  leave  the  true  fuze  resistances  sought. 

The  fuze  is  now  attached,  and  its  resistance  when  cold  is  measured  in  the  usual 
way.  It  is  important  that  enough  resistance  shall  be  unplugged  in  the  coils  to  avoid 
any  heating  of  the  platinum  during  this  test.  For  the  same  reason,  the  contacts  at 
'*  a"  should  be  short. 

All  being  now  in  readiness  for  the  final  test,  the  resistance  coils  are  plugged  out 
of  circuit ;  and  enough  wire  being  upon  the  wooden  cylinder  of  the  Wheatstone  rheo- 
stat to  prevent  the  explosion  of  the  fuze,  the  contact  piece  "  a"  is  closed.     The  latter 

is  then  gradually  moved  along  the  wire  so  as  to  preserve  the  balance  of  the  bridge. 
No.  23 29 


► 


ELBCTBIOAL  FUZBS. 

e  wire  is  uniformly  wound  from  the  wooden  to  the  brass  cylinder  of  the 
■heostat,  thus  reducing  the  resistance  in  the  fuze  circuit ;  and  the  needle 
holtz-Gaugain  galvanometer  increases  ita  deflection  accordingly.  This 
be  kept  steady  by  regulating,  if  necessary,  the  rate  of  transfer  of  the 
y,  the  faze  explodes:  the  corresponding  resistancse,  which  has  been 
Teasing  as  the  temperature  of  the  platinum  wire  rises,  is  shown  by  Uie 
e  bridge ;  and  the  current  in  webers  causing  the  explosion  may  be  com- 
le  reading  of  the  Helmholtz-Gaugain  galvanometer, 
ig  this  operation  with  the  entire  sample,  the  character  for  uniformity  and 
and  hence  the  care  used  in  manufacture  become  known.  During  the 
he  tests  the  direction  of  the  current  should  be  reversed,  to  correct  any 
1  the  Helmholtz-Gangain  galvanometer. 

cision  of  the  resistances  measured  by  this  plan  depend  (1)  on  the  cor- 
le  standard  ohm,  and  (2)  on  the  uniformity  and  symmetrical  form  of  the 
Archhoff-Wheatstone  bridge.  The  accuracy  of  the  current  measurements 
be  care  used  to  determine  the  weber  coefficient  of  the  Helmholtz-Gaugain 
-.  The  plan  for  the  latter  determination  adopted  at  Willets  Point  has 
the  following.  If  close  attention  be  given  to  every  detail,  much  greater 
y  be  obtained  than  by  the  usual  plan  of  computing  the  value  from  the 
f  the  coils  and  the  horizontal  intensity  of  the  earth's  magnetic  force, 
int  battery  sufficiently  powerful  to  deflect  the  galvanometer  at  least  50° 
Its  poles  are  connected  by  an  exterior  (nrcuit  containing  the  galva- 
ox  of  resistance  coils,  and  a  mercury  key  for  opening  and  closing.  A 
'  leading  wires  are  attached  to  the  poles  of  the  battery,  and  so  connected 
er-key,  a  condenser,  and  a  Thomson  reflecting  galvanometer,  that  the 
tromotive  force  acting  upon  the  exterior  circuit  can  be  determined  at  any 
nt  by  comparing  the  swing  with  that  previously  given  by  a  standard 

,  „y  Law's  method.    All  being  in  readiness,  the  exterior  circuit  is  closed; 

and  as  soon  as  the  Helmholtz-Gaugain  galvanometer  needle  has  settled  at  any  suitable 
deflection  (o)  the  corresponding  eflective  electromotive  force  (E„)  is  measured  by 
springing  the  trigger-key.  The  resistance  of  the  exterior  circuit  (R„)  being  accu- 
rately known,  the  value  of  the  weber  coefficient  (K)  may  be  computed  from  the 
following  equation,  by  substituting  the  known  numerical  values  of  the  quantities  in 
the  second  number: 

g-_     E„ 
R„  tana 

Reversing  the  battery,  to  eliminate  index  error,  the  determination  is  repeated ; 
and  a  mean  of  the  two  results  is  counted  as  one  observation.  By  varying  the  amount 
unplugged  in  the  resistance  coils  and  repeating  the  work,  sufficient  data  may  be 
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obtained  to  determine,  by  the  method  of  least  squares,  the  numerical  value  of  the 
Weber  coefficient  within  any  desired  degree  of  precision. 

The  Wire  Bridge.— In  order  to  choose  the  kind  and  dimensions  of  wire  most  suit- 
able for  forming  the  bridge,  the  general  theory  governing  the  heating  effects  of  elec- 
trical currents  should  be  considered. 

According  to  Joule's  law,  if  we  represent  by  H  the  total  quantity  of  heat  developed 
in  the  time  T  in  a  circuit  of  which  the  resistance  is  R  and  the  strength  of  current  C  : 

H  =  C*RT 

But  by  Ohm's  law  we  have  for  the  strength  of  current  (C)  developed  by  an  elec- 
tric generator  of  which  the  internal  resistance  is  R,  through  an  external  circuit  of  which 
the  resistance  is  R,,: 


R       R^  -j-  R 

Combining  these  two  equations,  and  reducing : 

E»T 


This  equation  is  only  applicable  to  the  entire  circuit;  but  since  heat  developed 
in  the  generator  can  accomplish  no  useful  purpose,  it  is  well  to  consider  the  internal 
and  the  external  portions  separately.  Denoting  the  heat  generated  in  these  portions 
by  H^  and  H^,  respectively,  we  have,  since  by  Joule's  law  they  are  proportional  to 
the  corresponding  resistances: 

TT  — -    E  T  R, 

"'-(R,  +  RJ^ 

""-(R,  +  RJ« 

The  electrical  resistance  of  a  conductor  is  directly  proportional  to  its  length  (Z) 
and  inversely  proportional  to  its  cross-section  (^  r^).  It  is  also  directly  proportional 
to  the  specific  resistance  of  the  material  of  which  it  is  composed  (p) — understanding 
by  this  term  the  quotient  obtained  by  dividing  the  resistance  of  a  unit  of  volume  of 
this  material  by  that  of  the  unit  of  volume  of  some  material  adopted  as  the  standard, 
both  being  at  the  standard  temperature.  Hence,  if  the  exterior  circuit  be  homogeneous 
and  of  uniform  cross-section — 

R   -    P^ 

If  the  exterior  circuit  consist  of  a  homogeneous  wire  insulated  by  a  homogeneous 
dielectric,  and  having  a  uniform  cross-section  {tt  r^)  throughout  its  entire  length  (i), 
the  distribution  of  heat  will  be  unifoim ;  and  (5),  the  consequent  rise  in  temperature 
in  the  time  T,  will  vary  inversely  with  the  specific  heat  (S)  of  the  kind  of  metal  com- 
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he  conductor,  and  with  the  mass  of  the  wire  to  be  heated  (Ti^i).  The  loss  of 
surrounding  bodies  by  radiation  and  conduction  increases  very  rapidly  as  the 
,ture  attained  by  the  wire  rises,  and  after  a  certain  time  will  equal  the  whole 
i'eloped  by  the  current ;  but  since  the  wire  is  supposed  to  be  surrounded  by  a 
nductor  of  heat,  the  loss  in  the  first  instant  after  the  circuit  is  closed  will  be  so 
lat  for  the  present  purpose  it  may  be  neglected ;  and,  under  this  Uifiitation,  the 
ig  equation  may  be  accepted  as  approximately  indicating  the  laws  governing 
in  temperature: 

H„ 


S: 


■Sa-r"/ 


substituting  in  this  equation  the  values  of  H„  and  R„  already  given,  and 
b;,  we  may  derive  the  following  equivalent  expressions  for  the  rise  in  temper- 


:58) 


^F^^ 


-59)  ^=         EVT_ 


-S(R,^r'  +  pl)' 

3m  equation  (58)  it  appears  that  if  the  electromotive  force  be  so  varied  as  to 
Q  a  constant  current  whatever  be  the  values  of  r  and  /,  the  rise  in  temperature 
directly  proportional  to  the  specific  resistance  and  inversely  proportional  to 
iuct  of  the  specific  heat  by  the  fourth  power  of  the  radius,  and  hence  may  be 
increased  very  i-apidly  by  reducing  the  cross-section  of  the  wire,  and  selecting  a  metal 
of  high  specific  resistance  and  of  low  specific  heat. 

But  from  equation  (59)  it  may  be  shown  that  if  the  generator,  and  hence  the 
electromotive  force,  be  left  unchanged  as  we  diminish  the  cross-section  of  the  wire 
(and  consequently  reduce  the  strength  of  the  cuirent),  the  rise  in  temperature  will  be 
less  than  before  by  the  following  quantity,  in  which  E,  is  the  increment  of  the  elec- 
tromotive force  which  the  former  supposition  would  have  required: 

pT(2EE,+E/) 

Since  the  increase  of  resistance,  and  hence  the  reduction  of  the  strength  of  the 
current,  is  very  rapid  as  the  size  of  the  wire  is  reduced,  tins  quantity  E,  may  become 
80  large  as  to  defeat  the  end  in  view.  In  other  words,  the  rise  in  temperature  pro- 
duced by  .sending  a  current  through  a  very  fine  wire  may  be  much  leas  than  if  a 
larger  wire  were  chosen.  For  example,  half  a  dozen  large  cells  of  Beardslee's  chrome- 
lead  battery,  of  which  the  electromotive  force  is  low  and  tlie  internal  resistance  excess- 
ively small,  will  raise  6  inches  of  ordinary  iron  telegraph  wire  to  a  white  heat;  when 
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if  the  current  be  sent  through  the  same  length  of  very  fine  platinum  fuze  wire,  the 
highest  temperature  reached  may  almost  be  borne  by  the  hand. 

It  might  easily  be  proved  by  an  analysis  similar  to  the  above,  that  the  same 
principles  are  applicable  to  any  part  of  an  exterior  circuit  consisting  of  wires  non- 
homogeneous  and  varying  in  cross-section  at  different  points.  In  fact,  they  cover 
the  whole  mathematical  flieory  of  the  bridge  of  a  low-tension  fuze. 

Stated  in  general  language,  the  deductions  from  equations  (58)  and  (59)  are, 
then,  the  following :  To  obtain  at  the  bridge  the  highest  temperature  possible  from 
a  given  generator  acting  through  a  circuit  of  given  length,  the  bridge  wire  should 
have  the  highest  attainable  specific  resistance,  and  the  lowest  attainable  specific  heat, 
and  should  be  as  short  and  fine  as  possible ;  while  the  fuze  wires  and  the  rest  of  the 
circuit  should  consist  of  a  metal  having  a  low  specific  resistance  and  a  high  specific 
heat,  and  should  also  have  a  large  cross-section.  By  fulfilling  these  conditions,  we 
introduce  the  fuze  with  the  minimum  reduction  in  C ;  and  hence  approximate  as 
closely  as  possible  to  securing  the  full  benefit  due  to  the  fineness  of  the  bridge  wire ; 
i.  6.,  to  a  gain  proportional  to  the  fourth  power  of  the  reciprocal  of  its  radius. 

One  other  point,  however,  must  not  be  forgotten — provision  should  be  made  to 
reduce,  so  far  as  may  be  possible,  the  unavoidable  loss  of  heat  at  the  bridge  by  radia- 
tion, and  especially  by  conduction.  To  this  end,  the  priming  should  be  a  poor  con- 
ductor ;  and  the  bridge  must  have  a  certain  lengthy  or  the  temperature  at  the  middle 
point  (where  it  is  greatest)  will  be  kept  down  unduly  by  the  loss  of  heat  passing  by 
conduction  into  the  fuze  wires  to  which  the  ends  are  soldered.  Instead,  therefore,  of 
making  the  bridge  as  short  as  possible^  as  indicated  by  the  above  discussion,  it  must 
be  given  sufficient  length  to  avoid  undue  loss  from  this  cause.  The  best  length  will 
vary  with  the  particular  bridge  wire  selected ;  and  it  should  be  determined  for  each 
variety  of  wire,  by  a  special  measurement  which  will  be  considered  hereafter. 

This  discussion  shows  very  clearly  that  it  is  rather  specific  than  absolute  resist- 
ance which  is  useful  at  the  bridge ;  and  hence,  that  the  common  expedient  of  throw- 
ing the  wire  into  a  long  coil  in  order  to  increase  the  resistance  and  diminish  the  loss 
of  heat  by  radiation  and  conduction  to  the  priming,  is  vicious  unless  the  generator 
has  surplus  electromotive  force.  In  other  words,  no  more  bridge  resistance  than  is 
actually  necessary  to  develop  sensitiveness  should  be  admitted.  With  single  fuzes 
this  is  of  little  moment ;  but,  as  will  be  seen  hereafter,  when  many  fuzes  are  to  be 
fired  simultaneously  it  becomes  of  vital  importance. 

The  selection  of  the  material  is  the  first  point  for  consideration,  in  applying  the 
foregoing  principles  to  determining  the  best  bridge  for  our  submarine  mining  service. 
The  following  table  exhibits,  for  the  common  metals,  the  numerical  values  of  the 
several  constants  which  enter  these  formulae,  derived  from  the  best  authorities,  viz: 
The  specific  heat  from  Watt's  Chemistry,  the  heat  conductivity  from  Balfour  Stew- 
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art's  tables,  and  the  specific  electrical  resistance,  at  zero  Centigrade,  from  MatUiieasen's 

experiments: 

Metallie  constants. 


Copi»f 

ElDdofmeUl. 

8p«ia«  deotrioal 

Sp«lflob«U. 

Condnethrttr  tot' 

btu. 

1.M 
lt.M 

a.ts 

8.  IS 
1.7* 

n.M 

7.» 

E 

(tlWTO 

aosu 
com 

0.CM5 

73.e        , 

, 

" 

LI           1 

PUtinomillTer  d aUver, 

^ 

1 

GoW-BllretiagDHl^TM 

Two  physical  properties  of  these  metals  must  exert  a  goTerning  influence  upon 
the  selection;  (1)  ductility,  without  which  it  would  be  difficult  or  impossible  to  draw 
them  into  very  fine  wire-,  (2)  resistance  to  corrosion  when  embedded  in  the  priming, 
possibly  in  a  damp  state.  These  conditions  exclude  lead,  bismuth,  and,  in  a  word, 
all  the  baser  metals. 

Professor  Abel,  in  a  very  interesting  paper  read  before  the  Society  of  Telegraph 
Engineers  on  May  13,  1874  (too  late  to  be  of  use  in  these  researches),  has  given 
the  results  of  certain  of  his  experiments  which  confirm  conclusions  already  reached 
by  myself,  viz:  That  German  silver  is  decidedly  liable  to  corrosion  under  the  condi- 
tions stated  above;  and  that  platinum  silver  is  its  superior  in  this  respect,  but  is  diffi- 
cult to  draw  into  wire  of  uniform  quality,  possibly  by  reason  of  the  tendency  of  the 
two  metals  to  separate  from  each  other. 

Platinura-iridium,  which  is  a  natural  alloy,  is  well  known  to  offer  considerably 
more  resistance  to  the  passage  of  electricity  than  platinum  itself ;  to  be  easily  fusible 
(and  hence  probably  to  have  a  low  specific  heat) ;  and  finally,  to  be  safe  agjunst 
corrosion. 

After  various  experiments  with  diflferent  metals  and  alloys  (which  will  be 
detailed  when  discussing  the  subject  of  priming),  a  sample  of  wire  was  obtained  from 
Berlin,  in  May,  1873,  wliich  proved  to  be  precisely  what  was  desired-  The  metal  is 
platinum  alloyed  with  a  certain  percentage  of  iridium;  the  diameter  is  0.0025  inches; 
the  weight  is  0.90  grains  Troy  per  yard;  the  electrical  resistance  is  3.25  ohms  per 
inch.  This  wire  has  been  definitely  adopted  for  our  service;  and  a  supply  is  nowou 
hand  amply  sufficient  to  provide  for  future  contingencies. 

It  only  remains  to  explain  the  method  adopted  (February,  1875)  for  finally 
establishing  the  exact  length  of  the  bridge  in  accordance  with  the  principles  already 
liud  down. 
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The  apparatus  and  general  method  of  operating  were  those  already  described 
under  the  head  of  elaborate  testing.  In  place  of  the  fuze  was  inserted  the  following 
device: 

Two  brass  clips  were  so  attached  to  a  base-board  that  the  distance  between 
them  could  be  accurately  regulated.  The  jaws  could  be  opened  and  shut  by  screws, 
and  they  were  so  carefully  fitted  to  each  other  as  to  firmly  clamp  even  the  fine  wire 
to  be  tested.  Their  size  was  sufficient  to  exaggerate  the  loss  of  heat  by  conduction, 
which  is  always  caused  by  the  fuze  wires.  These  clips  were  first  set  at  the  desired 
distance  apart;  one  end  of  the  fine  wire  was  next  secured  in  its  jaw;  the  wire  was 
then  passed  through  the  other  jaw,  drawn  tightly,  and  finally  clamped  in  its  true 
position.  By  this  plan  different  known  lengths  of  the  wire  were  successively  sub- 
mitted to  the  action  of  the  current  under  conditions  analogous  to  those  of  the  bridge 
of  a  fuze. 

To  determine  when  the  temperature,  rising  under  the  influence  of  the  regularly 
increasing  current  of  electricity,  reached  certain  standard  points,  compressed  gun- 
cotton  wajs  pulverized  and  pressed  upon  the  fine  wire.  Its  flashing  determined  the 
first  observation.  The  wire  was  then  carefully  watched,  and  when  it  first  changed 
color  to  a  faint  red,  the  second  record  was  taken.  Lastly,  the  current  was  noted 
when  after  passing  through  the  red  and  white  stages  the  wire  finally  deflagrated. 

The  following  table  exhibits  the  results  obtained  by  this  method  with  the 
standard  wire  adopted  for  our  service — each  figure  being  the  mean  of  two  measure- 
ments. The  differences  between  them  were  so  slight  in  every  case  that  although  a 
few  trifling  discrepancies  are  observable  in  the  means,  it  appeared  to  be  a  needless 
labor  to  accumulate  more  data. 

Tests  of  standard  fuze  wire. 


Lengtli  of  bridge 
in  thirty -seoonda 
of  an  inch. 

Besistaooe  in  ohnm. 

Current  in  webers. 

Cold. 

Gon-ooiton 
flashes. 

Taint  red  oolor. 

Defl«||r»tea. 

Gnn-ootton 
flMhes. 

FliUnt  red  color. 

Deflagrates. 

2 

4 

6 

8 

12 

16 
20 
24 
28 
32 
86 

0.25 
0.50 
0.68 
0.86 
1.22 

1.72 
2.15 
2.76 
3.09 
8.30 
8.80 

0.28 

ass 

0.74 
0.88 
1.36 

L82 
2.27 
3.00 
3.22 
3.42 
4.00 

0.31 
0.59 
0.82 
LOO 
L68 

2.06 

2.66 

3.33 

3.77 

4.10      ' 

4.75 

0.30 
0.76 
LOS 
L32 
2.05 

2.91 
3.51 
4.50 
5.08 
5.67 
6.09 

0.83 
0.48 
0.43 
0.41 
0.36 

0.35 
0.40 
0.35 
0.33 
0.28 
0.33 

LIO 
0.69 
0.61 
0.53 
0.53 

0.52 
0.55 
0.60 
0.52 
0.50 
0.51 

1,77 
L18 
LOl 
0.08 
0.94 

a95 
0.98 
0.89 
0.02 
0.90 
0.84 

The  curves  on  Plate  XXII,  Fig.  2,  present  this  material  in  a  form  more  easy  to 
analyze.     It  is  plain  that  until  the  length  of  the  wire  is  increased  to  about  ~  of  au 
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inch,  the  rise  in  temperature  at  the  middle  (hottest)  point  is  greatly  reduced  by  the 
loss  of  the  heat  which  escapes  by  conduction  into  the  clips;  while  above  that  point 
the  gain  caused  by  lengthening  the  bridge  is  trifling  in  comparison  with  the  loss 
entailed  by  the  corresponding  increase  of  resistance.  The  proper  length,  therefore, 
lies  between  ^^  and  ~  of  an  inch,  and  ^  of  an  inch  has  been  adopted.  The  increase 
of  resistance  due  to  the  heating  of  the  bridge  when  of  this  length  is  only  about  0.U5, 
0.14,  and  0.42  ohms,  respectively,  at  the  three  standard  temperatures,  and  hence  is  no 
serious  detriment. 

The  Priming  aronnd  the  Bridge — Systematic  trials  to  decide  upon  the  best  priming  for 
our  service  fuzes  were  conducted  in  October,  1872. 

A  rather  coarse  platinum  wire,  having  a  resistance  of  about  1 .2  ohms  per  inch, 
was  selected;  and  several  fuzes  were  carefully  prepared  to  be  as  nearly  identical  as 
possible  except  in  the  matter  of  priming.  The  current  needful  to  cause  explosion, 
the  true  gauge  of  the  relative  merits  of  tbe  several  compositions  as  to  sensitiveness 
and  uniformity,  was  tlien  measured.  Those  primings  which  ofifered  the  best  indica- 
tions were  again  used  in  similar  fuzes  made  of  a  finer  wire,  0.002  inches  in  diameter 
and  having  a  resistance  of  2.2  ohms  per  inch.  The  following  table  exhibits  the 
results  of  these  experiments: 

Comparativt  tett*  of  primings. 


Klndofprtming. 

loiig(taH 

flnepUUnaiiibridg6<I.SInehealM.|[(fti»r«i»>. 
■nceCMohma). 

Kombtr 

GntaA 

Leaalcar- 
rent. 

U«n  car- 

Namberof 
ttaua. 

Cnatwt 

Leaateoi. 

Hmiici» 

M«lBdpo*d« 

Equil  parte  of  ■alpharet  of  knUmtny  uhI 

Wibtr,. 
l.ST 

II.M 

LOO 
O.H 

WOtn. 
(ITS 

IE 

Wibtn. 
0.S3 

O-ia 

0.W 

....    1 

Equl  put4  fnlminaU  of  nercurj  and  pot- 

.... 

17 

The  finer  sample  of  wire  was  then  passed  between  delicate  rollers  so  as  to  flatten 
and  elongate  it,  thus  reducing  its  size  and  increasing  its  resistance  to  3  13  ohms  per 
inch,  and  the  experiments  were  continued  with  the  following  result: 

Priming,  gun-cottoo  io  fin«  diigt;  nambec  of  f luec,  15;  greatest  oniront,  0.40  weben;  leut  current,  O.SS 
webera :  metm  current,  0.34  webers. 

Priming,  fulminate  of  morcnr]' ;  nnmberof  fazes,  30;  greatest  ooirent,  0.77  webers;  least  cnrrent,  0,33  weben; 
me&n  current,  0.53  webera. 

These  tests,  altliough  not  sufficiently  numerous  to  determine  precisely  the  rela- 
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tive  sensitiveness  of  the  several  primings,  were  regarded  as  enough  to  confine  the 
choice  to  gun-cotton  and  fulminate  of  mercury. 

Experimental  fuzes,  primed  with  each  of  those  substances,  were  accordingly  pre- 
pared and  tested  in  large  numbers  and  in  various  ways.  After  extended  experience, 
fulminate  of  mercury  was  finally  adopted,  for  the  following  reasons: 

Pennanency,  uniformity,  and  ignition  at  a  low  temperature  are  the  three  essential 
requisites.  The  first  may  be  conceded  to  both  substances,  if  properly  prepared  and 
confined  in  an  air-tight  and  well-devised  fuze  plug. 

In  respect  to  uniformity,  fulminate  of  mercury  has  decidedly  the  advantage, 
because  being  a  heav)'^  powder  it  can  be  packed  more  easily  and  certainly  around  the 
wire.  While  not  a  single  instance  of  failure  has  been  recorded  among  the  thousands 
of  fulminate  of  mercury  fuzes  used  in  these  investigations,  several  gun-cotton  fuzes 
have  failed  by  the  deflagration  of  the  wire  without  the  ignition  of  the  gun-cotton 
priming.  This  possibility  is  noted  by  Professor  Abel  in  his  paper  above  mentioned- 
The  cause  is  evidently  defective  packing — which  is  not  easy  to  regulate  with  so 
light  a  substance.  The  same  difficulty  is  indicated  by  a  wider  range  in  the  current 
requisite  for  ignition. 

As  to  temperature  of  ignition,  gun-cotton  flashes  at  428°  Fahr.  and  fulminate  of 
mercury  at  392°  Fahr.  (Champion);  but  this  advantage  of  the  latter  is  reversed  in 
practice,  because  fulminate  of  mercury  being  a  better  conductor  of  heat  lowers  the 
temperature  of  the  bridge  more  rapidly,  and  hence  requires  a  slightly  stronger  cur- 
rent— as  shown  by  the  foregoing  tables.  For  certain  special  uses,  such  for  example 
as  blasting  on  a  large  scale,  this  fact  may  properly  give  the  preference  to  gun-cotton, 
especially  if  pulverized  and  mixed  with  enough  mealed  powder  to  make  it  pack 
readily,  as  suggested  by  Professor  Abel,  or  in  the  wisp  form  and  boaked  with  col- 
lodion to  give  it  stickiness,  as  recommended  by  other  authorities. 

If  the  fuzes  are  to  be  kept  a  long  time  in  store,  the  former  plan,  substituting 
fulminate  of  mercury  for  mealed  powder,  is  considered  to  be  the  better  of  the  two; 
for  it  is  hardl)^  possible  to  so  perfectly  remove  all  traces  of  acid  from  long  staple  gun- 
cotton  as  to  be  certain  that  it  may  not  undergo  chemical  change. 

Fuzes  for  the  Engineer  Service.~Excessive  sensitiveness  is  by  no  means  desirable  in  a 

fuze  designed  for  submarine  mining,  becausd  it  should  carry  without  dangerous  rise 

in  temperature  such  currents  as  are  requisite  for  determinate  testing  and  for  operating 

the  automatic  apparatus.     Experiments  at  Willets  Point  prove  that  the  proper  limit 

can  easily  be  reached,  and  even  exceeded,  with  fulminate  of  mercury  as  the  sole 

priming;   and  as  this  ensures  absolute  certainty  of  ignition,  it  has  determined  the 

choice  for  our  service  fuzes. 

This  limit  may  be  established  by  the  following  considerations :  To  conveniently 
So.  23 30 
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operate  the  automatie  system,  and  to  permit  easy  and  safe  teRting,  a  maximum  car- 
rent  of  about  0.15  webers  should  be  admitted.  The  rise  in  temperature  at  the  bridge, 
under  tlie  conditions  usual  in  firing  submarine  mines,  has  already  been  shown  to  be 
nearly  proportional  to  the  square  of  the  current.  Hence,  adopting  10  as  the  coeffi- 
cient of  safety  to  allow  for  carelessness,  anomalous  sensitiveness  in  the  fuzes,  etc,  the 
firing  current  should  be  about: 


V  '  0  X  (0.15)'  =  0.47  webers. 

The  geiieral  internal  arrangements  of  the  pattern  of  fuze  adopted  for  our  service 
have  already  been  explained  on  page  180. 

To  prevent  possibility  of  deterioration  or  foilure,  all  fuzes  should  be  soldered 
with  resin  as  a  flux;  and  a  solder  which  melts  only  at  a  high  temperature  must  always 
be  selected. 

Before  attempting  to  unite  the  platinum  to  the  fuze  wires,  their  ends  should  be 
slightly  notched;  attached  to  the  plug;  well  tinned;  and,  finally,  gauged  to  the  exact 
length  of  the  bridge.  It  is  then  easy  with  the  aid  of  a  spirit-lamp  to  secure  a  perfect 
union  of  the  two  metals,  and  a  uniform  electrical  resistance.  The  ends  of  the  fiize 
wires  must  next  be  slightly  bent  toward  each  other,  in  order  to  relieve  the  platinum 
from  any  possible  strain  even  if  the  wood  should  change  its  form  by  warping  or 
shrinking.  The  plug  is  then  ready  for  insertion  in  the  cap,  and  for  the  other  opera- 
tions already  described. 

The  following  table  exhibits  tests  of  fiizes  prepared  with  the  standard  wire 
and  fulminate  of  mercury,  at  various  dates  and  by  different  persons.  Many  of  the 
samples  were  experimental,  and  they  therefore  do  not  give  a  true  idea  of  the  uni- 
formity as  to  resistance  and  igniting  current  which  is  characteristic  of  our  adopted 
pattern.  They  are  reported  to  show  how  easy  it  is  to  secure  a  narrow  range  in  the 
latter  quality,  even  when  no  extraordinary  care  is  taken  in  the  manufacture.  This  is 
well  illustrated  in  the  measurement  of  June,  1«79,  where  by  reason  of  bad  soldering 
the  resistances  were  entirely  anomalous  without  apparently  affecting  the  current 
required  for  ignition.  Indeed,  the  importance  of  securing  absolute  uniformity  in 
electrical  resistance  is  often  overrated,  as  is  evident  from  the  table  on  page  '2'Al. 
The  true  object  of  measuring  the  resistance  of  a  fuze  before  use,  is  to  detect  such 
defects  of  manufacture  as  bad  soldering  and  accidental  shunts — which  might  seriously 
modify  the  strength  of  current  required  for  ignition.  A  slight  variation  in  the  length 
of  the  bridge  hardly  affects  this  quantity,  if  a  standard  length  has  been  selected  at  a 
safe  distance  from  the  point  of  abrupt  curvature  in  Uie  current  curve  shown  by  Fig. 
2,  Plate  XXII: 
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Standard  wire  and  fulminate  of  mercurf/. 


Foaea  made  and 
teated. 

Length  of 
bridge.    . 

Hnmber 
tested. 

Talaea. 

Bei 
Cold. 

liatance  of  ftiae. 

Strength  of 
current. 

Remarks. 

Exploded. 

1 
Increase. 

Jane,  1873 

Inches. 
0.25 

10 

' Maximum  ... 

<  Minimum  . . . 

Mean 

OAtiM. 

0.84 

0.70 

Ohtn$. 

•  •  •  • 

Ohnu. 

•  •  •  # 

•  *  •  « 

•  V  •   « 

Weben. 
0.61 
0.36 
a42 

Jane,  1873 

0.35 

8 

rMaximom  ... 

<  Minimum  ... 

Mean 

0.87 
0.73 
0.79 

•  •  •  • 

•  •  •  • 

•  V  •   • 

•  *  •  • 

•  »  •  • 

•  •  •  • 

0.54 
0.27 
0.41 

• 

Febniar7,1874.. 

0.25 

7 

TMaximam  ... 
<  Minimum  . . . 
[Mean 

0.93 
0.60 
a72 

1.06 
0.70 
0.82 

0.15 
0.05 
0.10 

0.45 
0.40 
0.43 

May,l874 

0.25 

8 

Maximum  ... 

<  Minimum  ... 

Mean 

0.74 
0.63 
0.70 

0.82 
a67 
0.77 

0.10 
0.04 
0.07 

a48 
a  31 
0.41 

I 

Jnnekl873 

0.20    ' 

9 

rMaximom  ... 
< Minimum  ... 
iMean 

0.70 
0.28 
0.49 

•  •  •  • 

•  •  ■  • 
«  *  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

a  61    ] 

0.87     I 
0.48    J 

Wire  flattened,  as  explained. 

April,  1874 

0.20 

10 

'Maximnm  ... 

<  Minimnm  ... 

Mean 

0.53 
0.30 
0.40 

0.80 
0.43 
0.59 

0.27 
0.13 
0.19 

0.59 
0.47 
0.52 

May,1874 

0.20 

10 

Maximum  ... 

<  Minimum  ... 

Mean 

0.76 
0.55 
0.61 

a86 
0.61 
0.68 

0.10 
0.05 
0.07 

0.52 
0.45 
0.49 

Jiily,1874 

0.20 

10 

r Maximum  ... 
J  Minimum  ... 
[Mean 

0.87 
0.70 
0.70 

0.96 
0.74 
0.86 

0.09 
0.06 
0.07 

0.52 
0.48 
0.50 

Felyniary,1870.. 

• 

0.20 

8       ' 

C Maximum  ... 

i  Minimum  ... 

Mean 

0.78 
0.72 
0.75 

0.90 
0.80 
0.85 

0.12 

ao8 

0.10 

0.48 
0l4O 
0.44 

Jane,  1879 

0.20 

20 

Maximum  ... 

<  Minimum  ... 

Mean 

2.27 
0.09 
0.88 

1.64 
0.76 
1.00 

0.42 

-0.70 

0.12 

0.55     1 
0.42      > 
0.49    J 

Badly  soldered— nyected. 

December,  1879  . 

0.22 

18 

Maximum  ... 

1  Minimnm  ... 

Mean 

0.77 
0.42 
0.56 

0.86 
0.59 
0.66 

0.09 
0.17 
0.10 

0.57 
0.51 
0.54 

f 

^ 

JaaoarytlSSO... 

0.22 

20 

Maximum  ... 

J  Minimum  ... 

Mean 

0.70 
058 
0.62 

0.79 

a65 

0.70 

0.09 
0.07 
0.08 

0.55 
a43 
a46 

March,  1880 

0.22 

37 

r Maximum  ... 

«  Minimnm  . . . 

Mean  

0.90 
0.49 
0.69 

1.00 
0.56 
0.77 

0.12 

ao6 

0.08 

0.56 
0.41 
0.48 

October,  1880.... 

0.22 

10 

'  Maximum  . . . 

,  Minimum  ... 

Mean 

0.76 
0.59 
0.07 

0.87 
0.67 
0.76 

0.11 
0.07 
0.09 

0.50 
0.45 
0.48 

9 

The  following  table  gives  a  fair  idea  of  the  degree  of  uniformity  exacted  in  the 
tests,  before  accepting  a  lot  of  fuzes.     The  sample  was  an  ordinary  one,  and  the 
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andom  from  four  different  boxes.     The  standard  resistance, 
ohm;  and  the  current,  0.47  webers: 
Test  of/uzea/or  the  itibmarine  mining  service. 


UaMlnohsu. 

Cnmint  Id 

web.™. 

Bmurlu. 

IncIMMi. 

•.71 

0.08. 

0.«B 

ThU  MiDpU  wu  iD»d«  to  order  bj  G- 

0.78 

•.08 

A.  Govdjeu.ta  Uinh.  lS80,DriDE  tho 

0.78 

0.08 

o.« 

MrricpUtiDamlridiDinwite,  with  fal. 

0.U 

0.00 

0.W 

mlDite  arneroDrj  u  the  lole  pHmiog. 

0.M 

0.N 

0.47 

0.M 

ClI 

o.« 

0.T3 

0.08 

0.U 

o.«g 

o.rr 

e.76 

0.08 

0.(1 

0.09 

0.08 

0.M 

le  Toi-pedo  Service  alone  were  concerned,  the  foregoing  discus- 
whole  subject;  hut  it  is  often  desirable  in  the  civil  works 
IS  of  Engineers  to  make  use  of  low-tension  fuzes  under  circutn- 
many  to  be  fired  simultaneously,  and  iii  which  extreme  sensi- 
.  desideratum. 

wn,  when  considering  the  problem  of  simultaneous  ignitions,  that 
nnected  in  series  which  should  form  a  single  group — and  hence 
aible  ignitions  with  a  given  generator  of  electricity — is  inversely 
istance  in  ohms  of  one  of  these  fuzes  at  the  instant  of  explosion, 
ice  <>f  considering  this  element,  as  well  as  the  absolute  sensitive- 
priming  to  the  current,  is  therefore  apparent  It  sufficiently 
bridge  has  been  preferred  to  the  long  one  thrown  into  a  small 
be  the  favorite  with  some  foreign  engineers, 
jle  exhibits  trials  conducted  to  obtain  extreme  sensitiveness— 
a  of  fuzes  prepared  by  General  Newton  for  his  great  blast  at 
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8en9itive  low-tension  fuzes. 


3 


10 


10 


10 


The  wire  bridge. 


Metal. 


OennuiBilver .. 


OOLD-IBON. 


6  iron. 
05  gold 


FLAT.-nLYKB. 


{ 


I 


{ 


{ 


I 


1  plAtinnm. 
2iflTer  .... 


1  pUtinam* . . . . 

2  silver 


1  pfaitiDiiint. 
2BilTer 


1  platinom. 
2silTer  .... 


1  pUtlnnm. 

2  8flTer  .... 


0 

S 


I 

P 


Inehei.    Inehst. 


0.20 


0.0020 


0.20 


0.20 


0.20 


a20 


0.0020 


0.0015 


Priming. 


Valuee. 


Beaietance  of  ftize. 


3 


I 


I 


I 


oo 


Falminate  of  mercury. 


Fulminate  of  mercmy. 


Fulminate  of  mercary. 


''Max.. 
Min  .. 
Mean .... 


I 


Ohm*.  '  Ohm*.  I  Ohm*. 
0.90 

0.09 

0.79 


I 


0.0015 


0.0015 


0.20 


0.0015 


a25    '    0.0015 


PnlTerijted  gnn-cotton 


Pulrerized  gun-cotton . 


Fulminate  of  mercury . 


Fulminate  of  mercury . 


fMax I    2.04 

Min  .. 
Mean. 

Max.. 
Min  .. 
Mean . 


1.67 

i.8r 

8.08 

2.56 

3.88 


2.U 
1.74 


0.06 
0.14 


1.97      0*10 


3.20 

2.75 

3.09 


fMax  .... 

Min 

Mean . . . . 

Max 

Min  ... 
Mean .. 


fMax. 
Min  . 
Mean 


1.63    i    1.70 


Max. 

Min  . 
Mean 


1.33 
1.43 

1.40 

1.80 

i.4t 

1.58 

1.36 

1.49 

2.11 

1.76 

1.90 


1.45 
1.96 

1.50 

1.35 

1.47 

1.06 

L41 

1.07 

2.21 

1.83 

il.Ol 


0.31 

0.17 

0.91 

0.27 

ao7 

0.13 

0.15 

0.03 

0.06 

0.10 

0.06 

0.08 

0.13 

.0.07 

O.lt 


Weber*. 


0.481 

0.37  I 

1.39  J 


0.85 

0.81 

0.33 

0.34 

0.20 

0.31 


Remarks. 


Made  by  Smith. 


Made  by  Goodyear. 


Made  by  Goodyear. 


0.851 

0.25 1   Made  by  Striedinger. 

1.30  J  I 


GkMdyear  pattern. 


0.35 

0.82^   Goodyear  pattern. 
0.33. 


0.30 

0.26 

0.38 


I  Made  by  Laflin  St  lUnd, 

I    andnsedattheHaHett's 

Point  exploalon. 


*  Bridge  deflagrates  at  0.45  webers ;  resistance  2.19  ohms, 
t  Bridge  deflagrates  at  0.54  webers ;  lesistanoe  1.87  ohms. 


Foreign  and  Amerioan  Fuiet.— As  already  seen,  the  principle  upon  which  low-tension 
fuzes  are  exploded  allows  a  wide  range  in  sensitiveness;  and  a  pattern  specially 
adapted  for  any  particular  service  can  readily  be  prepared.  This  fact  renders  an 
extended  trial  of  foreign  and  other  fuzes  of  this  class  of  comparatively  little  impor- 
tance; but  as  it  was  undertaken,  the  electrical  results  will  be  reported  in  a  tabular  form. 
The  mechanical  details  can  best  be  studied  by  examining  the  samples  in  the  Torpedo 
Museum  at  Willets  Point. 

Tests  of  foreign  and  American  fusses. 


Deaignation. 


Besistanco  in  ohms. 


I 


Valoes. 


Cold. 


Explodes.     Increase. 


INOLUH. 

Abel(l872) 


MeSTOy  (1878). 


18 


Current  in 
webers. 


Bemarks. 


I 


/Maximum  .. 
J  Minimnm  . . 
iMean 


{Maximum 
Minimnm 
: 


_                         -        -.- 

■m-  — — 

■^^  -        -    — 

0.09 

0.09 

0.03 

3.681 

ao3 

0.05 

0.00 

3.161 

0.04 

0.06 

0.09 

3.43  J 

0.85 

a  48 

0.13 

1.091 

0.18 

0.86 

0.01 

0.97 

« 

0.93 

0.89 

9.99 

1.03  j 

Bridge,  0.25  inches  long  snd  0.007  in 
diameter.  Priming,  wisp  gun-cot- 
ton and  gunpowder. 

Bridge,  0.25  inches  long  and  0.003  in 
diameter.  Priming,  mealed  pow. 
der. 
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Teats  of/oreigtt  and  American  fuzn — Ooutinaed. 


DwlSiulioD. 

1 

i 

TllDM. 

BsdtUllMtDO 

^ 

CnmDttD 

Cold. 

Bipl-dM. 

iDOTOWe. 

11 

HlDbuDn  ... 
Hcu 

O.ST 
•■36 

an 

•.47 

0.30 

aoo 
a.ti 

•-08 1 

Bridge,  ais  iDcbn  k««  >Dd  aooa  is 

diameter.    FrtnlB(.  vlq>  cim^iat- 
tooudKai.lNxrd.ir. 

nunrcH. 

n 

jHlBtnoB  ... 

U^i. 

0.M 
•^4 

LOS 

an 

•.89 

a«t 
a  31 

•.38 

dluMMT.    Priming,  wisp  saa^iM- 

10    JHUlmnm  ... 

S.SS 

t.TD 

a.48 

LM 

an 

!.!• 

•.isj 

Bridpi,  l.D  InohM  kng  ud  t.MHS  im 
dlu>.t«.    Priming. -i^ruMM. 
t«. 

1    JlUniqiiun  ... 
Im.«i 

a  81 

LU 
1.14 

an 

an 

•.33 

0.4lt 

Bridp.  |.ptr>l).  1.0  ioilm  Vmt  »d 

aoos  Id  dluoeter.    Priming.  wiq< 
giunjotlon. 

I    JlCUlmnm  ... 
lM«m 

4.U 

i.ia 
4.1  < 

1= 

LH 
1.^4 

•.isl 

Bridge  (.pirml),  «.s;  Inche*  k«g  nd 

i-Hulmnm  ... 
Immo 

0.41 

an 

a  SI 
ais 
•.3* 

•.mJ 

Bridge  aia  iDchM  long  ud  aaou  n 

diuMtn.      Priming,     gu»iM. 
wiq>. 

BtmneuA  Hdake(lST«);.... 

10      UlalmiuD  ... 
U«u 

Its 
AM 

1.1T 
0.4* 

+  a»7 

-    078 

•.a 

RDd  O.OaiG  In  <limn«I«r.    Primiig, 

*""""■ 

..!f:rf"" 

ai7 

L4a 
a.  40 

a  OS 

033 
0.48 

3 

ud  aoOOS  ud  0.008  in  dlimitttr 

Im«- 

rUailDiDni... 

U-d.™..'" 

S.N 

LOO 

a 

Priming,  meiltdpowd™. 

SanudHtodlDinS)  

s 

{^r-:.;:; 

13.10 
3.00 

8.*y 

&10 

a.ii 

i'lII 

-s.»r 

thmorbridgoMnUcta. 

fr™  • 

ati 

a» 

an 
aw 
0.31 

•••rj 

Brldpi  (gennu  sllTer).  O.S  inelK* 
loDgudaooaslndiaiMtcr.   Prim- 
ing, moltd  powder. 

u^ ::: 

» 

rHmituam    .. 
iHeM 

0.(8 
OM 

«.sa 

008 
048 

an 
a  10 

0.94 

•.ttJ 

Bridge,   Uk*  lut.    Priming,  wiqi 
gnn^wtton. 

• 

rHulDum... 
'ifinlmnm  ... 
lll«» 

o.n 
•.«4 

D.GO 
•JI* 

a  10 

•.IS 

..uj 

Bridge,  D.SO  inrbniong  ud  0.t01Sil 
ton  ud  fulndouo  armercnrj. 

GoodTMr  (l«8in  

a 

rUulBinB... 
Mtolm™  ... 
Im~» 

M7 

■.M 

a.  ST 
•.•1 

0.94 

'SI 

•.si  J 

Brhlg^  0.33  lnel»  loag  ud  aoM  In 
dlunetor.    Priming,  not  noted. 

f  Uailuiim  ... 

an 
•.as 

an 
a4i 

0.4* 

aw 

018 
•.99 

•.•si 

Bridge,  ai3  iDchetbmgMid  •.•ab 

'^ 

•Bridged! 

t  Bridge  daflngnte*  wt 

IBildge  deflngntaa  with  a41  w 


tow  TBirsioif. 
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Tests  of  foreign  and  Ameriean  /vaes-^OaatinneA, 


DMignation* 

1 

Valnes. 

Besiatanoe  in  ohms. 

Current  in 

Bemarks. 

webers. 

^ 

Cold. 

Bxplodes. 

Increase. 

1 

0.11 

rMazimnm  ... 

0.38 

0.47 

0.671 

Bridge,  0.25  inches  long  and  0.002  in 

Laflin  4t  Rand  (1880) 10 

<  Minimnm  . . . 

0.31 

0.41 

0.06 

a58l 

diameter.    Priming,  8  parts  fulmi- 

• 

Mean 

0.34 

0.44 

0.10 

0.6d. 

nate  of  mercury  and  1  part  potass. 

1 

chlorate. 

flCaximum  ... 

0.57 

•  •  •  • 

•  •  «  ■ 

0.66] 

Bridge,  0.20  inches  long  and  0.002  in 

Lieat  Biadf<nd,U.  a  N.  (1873)        4 

.   Mintmiim    . . . 

0.43 

•  ■  •  • 

•  •  «  • 

0.57  I 

diameter.    Priming,  fulminate  of 

Mean 

0.01 

«  •  •  • 

«  •  •  • 

0.61  J 

mercury. 

Maximum  ... 

0.82 

1.08 

0.22 

0.48] 

Bridge,  0.38  inches  long  and  0.002  in 

Lieut.  Bradford,  U.  S.  N.  (1878)        5 

<  Minimum  . . . 

0.77 

0.07 

0.19 

0.41V 

diameter.    Priming,  wisp  gun-cot- 

1 

Mean 

o.ro 

0.09 

•.SiO 

0.49  j 

ton  and  ftilminate  of  mercury. 

r Maximum  ... 

0.64 

ao9 

0.17 

0.601 

Bridge,  0.20  inches  long  and  0.002  in 

Lieut  Bradford,  U.  &  N.  (1873) 

4 

<  Minimum  . . . 

0.48 

0.01 

0.12 

0.47  I 

diameter.    Priming,  wisp  gnn-oot- 

.Mean 

0.ft9 

0.66 

0.14 

0.49J 

ton  and  fulminate  of  mercury. 

f Maximum  ... 

0.33 

0.41 

ao6 

0.58 

Bridge,  0.20  inches  long  and  0.6025  in 

Profeaaor  Hill  (1874) 

10 

<  Minimum  . . . 

0.28 

0.85 

ao6 

0.461 

diameter.    Priming,  wisp  gun-cot- 

• 

iMean 

0.S1 

0.3N 

0.07 

0.61  j 

ton  and  Eliminate  of  mercury. 

GaanoB  primers,  M^jor  W  hit- 

% 

C  Maximum    .. 

OlOO 

1.42 

0.74 

0.66] 

Bridge,  1.0  inches  long  snd  0.008  in 

temore,  Ordnance  Depart- 

>    8 

}  Minimnm  . . . 

a  57 

0.09 

0.40 

a64l 

diameter.    Priming,  wisp  gun-cot- 

ment (1876). 

• 

1 

iMean 

0.64 

I.IA 

•^i 

0.60  J 

ton  and  mealed  powder. 

Cannon  primers,  Frankford 

X 

'Maximum    .. 

tl8 

2.05 

0.88 

0.86 

Bridge,  6.81  inches  long  and  0.008  in 

Arsenal,  Ordnance  Depart- 

^ 10 

•   Minimum    . . . 

0.81 

1.19 

0.28 

a48l 

diameter.    Priming,  wisp  gun-cot- 

ment (1879). 

4 

.Mean 

1.06 

i.6i 

0^5 

0.64  J 

ton  and  fine  gunpowder. 

'Maximum  ... 

0.56 

0.60 

ao6 

0.67] 

Bridge,  0.12  inches  long  and  0.0015  in 

Cannon  primers,  U.  S.  K.  (1878)      10 

,  Minimum  ... 

0.50 

0.56 

6.03 

0.52  I 

diameter.    Priming,  wisp  gun-cot- 

Mean  

0.53 

0.58 

0.05 

0.67  J 

ton  and  gunpowder. 

A  study  of  this  table  shows  that  the  English  fuzes,  as  a  class,  are  by  no  means 
sensitive,  and  that  the  French  fuzes  are  exceptionally  so 

The  German  fuze  is  inferior  in  all  its  mechanical  details,  and  particularly  in  the 
neglect  to  solder  the  bridge  to  the  conducting  wires.  This  peculiarity  causes  extraor- 
dinary and  irregular  variation  in  the  resistance,  as  the  bridge  becomes  gradually 
heated — ^an  effect  probably  due  to  the  expansion  of  the  wire,  which  changes  the  resist- 
ance at  the  points  of  contact 

The  same  defect  exists  in  Chester's  American  fuzes  (gunpowder)  as  first  made  by 
him ;  and  the  second  test,  after  a  lapse  of  some  years,  indicates  that  great  deterioration 
is  liable  to  o^cur  from  the  oxidation  rendered  possible  by  this  vicious  practice,  ifis 
fulminate  of  mercury  fuzes,  at  my  suggestion,  were  soldered;  and  although  half  of  the 
tests  above  reported  were  made  in  1872,  and  the  rest  in  1879,  they  indicate  no  change 
whatever  in  the  sample.  His  foil,  however,  is  inferior  to  fine  wire;  both  in  sensitive- 
ness and  in  the  excessive  increase  of  resistance  caused  by  the  current 

As  a  class,  our  American  fuzes  are  believed  to  be  inferior  to  those  of  no  other 
nation,  for  civil  or  military  purposes.     The  pattern  adopted  by  the  Navy  for  cannon 
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attention;  the  primer  is  introduced  through  the  vent,  and  reste 
manner  which  renders  a  miss-fire  nearly  impossible, 
inalysis  places  in  a  strong  light  the  superiority  of  low-tension 
tdium  tension  fuzes,  for  use  in  submarine  oiining.  They  admit, 
idual  tests  to  determine  in  advance  their  perfect  condition  ;  they 
ity  in  the  form  most  easily  controlled,  viz:  when  the  potential  is 
ily  exempt  from  danger  of  accidental  ignition  by  the  inductive 
a  neighboring  conductor;  and,  lastly,  tiiey  may  be  prepared  of 
if  sensitiveness,  according  to  the  use  for  which  they  are  needed. 
—It  may  often  happen  that  a  single  electrical  conductor  connects 
vith  the  operating  apparatus  at  the  shore  station.  If  one  of  such 
,  the  bared  end  of  its  branch  cable,  left  in  the  water,  will  make 
h  to  interfere  with  the  automatic  firing  of  the  rest  To  obviate 
made  of  a  device  termed  a  cut-off. 

)plied  to  a  peculiar  pattern  of  low-tension  fuze  which  forms  part 
ut  in  the  branch  cable,  and  by  a  simultaneous  rupture  breaks  its 
mine  is  fired.  Being  enclosed  in  a  water-tight  box,  this  second 
^tor  leaves  the  end  next  to  the  shore  insulated;  and  hence  accom- 
pjiBues  uie  tiojecii  luiended. 

Certain  foreign  cut-offs  were  first  tested,  acting  on  one  of  two  principles:  (I)  the 
ue>e  of  a  firing  current  ntrong  enough  to  deflagrate  a  fine  platinum  wire,  similar  to  the 
bridge  of  the  fuze,  either  simultaneously  with  the  latter,  or  shortly  after  it  has 
exploded ;  (2)  the  igniting  of  a  wisp  of  gun-cotton  attached  to  the-fine  wire,  causing 
enough  gas  to  be  formed  to  remove  a  small  wooden  cap,  and  thus  mechanically  break 
the  wire.  Neither  of  these  plans  proved  to  be  satisfactory,  as  will  now  be  explained. 
To  test  the  first  plan  a  circuit  was  arranged  (February,  1875,)  as  follows :  A  pow- 
erful Grove  battery  was  coupled  in  series,  and  the  terminals  were  connected  through 
a  set  of  resistance  coils,  a  tangent  galvanometer,  a  key  for  closing  the  circuit  at  will, 
a  service  fuze,  and  an  unprimed  cut-off"  having  a  fine  wire  bridge  like  that  of  the  fuze. 
The  fuze  and  cut-off"  were  at  first  omitted;  and  the  current  was  regulated  by 
varying  the  resistance  unplugged  in  the  coils  until  the  galvanometer  indicated  the 
sti-ength  desired;  tiiey  were  then  inserted,  and  their  known  resistance  at  explosion 
was  subtracted  from  the  amount  unplugged.  When  tlie  circuit  was  again  closed  a 
known  current  was  thus  sent  through  the  fuze  and  cut-off  and  its  effect  was  noted. 

The  normal  current  to  fire  the  fuze  was  0.45  webera;  but  even  3  webers  often 
failed  to  deflagrate  the  cut-off  simultaneously,  although  1  weber  would  sever  its  wire 
if  applied  for  a  sensible  time. 

This  result  was  confirmed  by  experiments  upon  two  cut-offs  of  fine  platinum- 
silver  wire,  ,4  inches  long  and  0.U015  in  diameter,  with  no  fuze  in  circuit     Although 
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0.58  webers  would  deflagrate  one  of  them,  2.7  webers  failed  to  rupture  both — the 
parting  of  one  always  saving  the  other. 

An  attempt  was  made  to  slightly  retard  the  fuze  explosion  by  using  two  in  derived 
circuit;  but  no  practical  result  was  reached. 

Hence,  I  concluded,  that  a  cut-ofl^  arranged  on  this  plan  would  be  very  uncertain. 
The  bridge  of  the  fuze  is  surrounded  with  a  priming  which  ignites  even  before  the 
reddening  of  the  wire ;  and  unless  an  enormous  current  traverses  the  circuit,  the  ex- 
plosion, and  hence  the  first  rupture,  occurs  before  the  bridge  of  the  cut-off  can  defla- 
grate. But  the  resistance  of  the  end  of  the  cable  left  exposed  by  the  detonation  of 
the  mine,  is  usually  high — often  a  couple  of  hundred  ohms;  and  a  firing  battery  of 
inconvenient  and  unnecessary  size  would  be  required  to  deflagrate  the  bridge  of  the 
cut-off  through  such  a  resistance.  Hence  there  might  be  no  second  rupture,  either  at 
the  same  time  or  after  the  first.     This  plan  was  accordingly  rejected. 

The  second  plan — breaking  the  bridge  of  the  cut-off  mechanically,  by  a  cap 
removed  by  the  burning  of  a  wisp  of  gun-cotton — proved  to  be  objectionable  on  sev- 
eral grounds.  Being  rather  more  sensitive  to  the  current  than  a  fuze  primed  with 
fulminate  of  mercury,  the  arrangement  would  sometimes  act  first,  and  thus  prevent 
the  explosion  of  the  latter  entirely.  The  form  of  this  device,  as  used  in  Europe,  was 
bulky  and  therefore  ill  suited  to  our  purposes.  When  made  of  ebonite  it  proved  to 
be  too  brittle;  and  when  of  iron,  the  joint  sometimes  leaked,  and,  by  admitting  water, 
caused  trouble  after  the  mine  was  planted.  Some  of  these  objections  might  have 
been  removed  by  remodelling  the  mechanism;  but  experience  convinced  me  that  the 
principle  was  faulty,  and  it  was  accordingly  rejected. 

Considered  as  a  problem  in  heat  and  electricity,  the  best  solution  seemed  to  me 

to  depend  upon  the  following  principles.     To  produce  simultaneous  rupture  at  two 

different  points  of  the  same  circuit,  under  the  simplest  conditions,  these  points  should 

be  physically  similar ;  i.  6.,  the  cut-off  and  fuze  should  have  the  same  kind  of  bridge 

and  the  same  kind  of  priming.     When  prepared  with  care  the  range  of  variation  in 

these  quantities  may  be  made  very  slight ;  but  since  it  cannot  be  absolutely  eliminated, 

the  influence  of  residual  differences  must  be  neutralized.     Time  is  the  only  element 

under  control  which  can  be  varied  to  effect  this  object.     Experiment  proves  that  when 

the  minimum  current  required  for  igniting  a  fuze  is  passed  through  the  bridge,  the  rise 

in  temperature  occurs  gradually,  and  a  very  sensible  time  elapses  before  it  becomes 

hot  enough  to  ignite  the  priming ;  also,  that  as  the  current  is  increased  this  time  is 

diminished.     fiVen  after  the  requisite  temperature  is  reached,  time  is  still  required  to 

perform  the  mechanical  work  of  explosion.     If,  therefore,  by  increasing  the  current  within 

reasonable  limits,  the  thne  needed  to  raise  the  temperature  of  the  bridge  to  the  requisite  degree 

can  be  made  less  than  the  minimum  required  to  perform  the  mechanical  work  of  explosion^ 

the  problem  admits  of  a  satisfactory  and  certain  solution, 
Kg.  23 31 
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Whether  this  theoretical  result  could  be  reached  in  practice  cculd  only  be  deter- 
mined by  experiment,  and  the  work  was  undertaken  in  1875.  The  apparatus  and 
method  employed  were  those  described  above  when  discussing  the  simple  wire  cut-off. 

The  results  obtained  in  this  series  of  experiments  proved  to  be  of  much  practical 
importance,  since  they  formed  the  basis  of  the  general  theory  for  simultaneous  igni- 
tions soon  to  be  considered.  This  theory  rarely  finds  application  in  submarine  mining, 
except  in  the  special  case  of  the  cut-off;  but  in  military  demolitions,  and  in  many 
civil  works  of  the  Corps,  its  use  is  bo  frequent  that  these  researches  are  reported  in 
detail  in  the  following  table. 

To  experiment  upon  only  two  fuzes  at  once  would,  have  involved  needless  labor, 
since  if  the  theory  be  true  it  should  be  applicable  to  any  number  of  fuzes  in  the  same 
circuit  A  battery  consisting  of  forty  lai^  Grove  cells,  or  its  equivalent,  was  accord- 
ingly employed  in  some  of  the  trials,  and  the  number  of  fuzes  successfully  fired  in  a 
single  circuit  sometimes  exceeded  thirty. 

Two  kinds  of  fuze  were  used — ^those  marked  A  were  made  of  the  service  wire, 
bridge  if  inch  long  and  0.0025  in  diameter ;  priming,  fulminate  of  mercury ;  current 
to  explode  a  single  fiize,  0.45  webers;  current  to  deflagrate  bridge,  1.03  webers.  Those 
nuirked  B  were  made  of  platinum  silver  wire,  bridge  J  inch  long  and  0.0015  in  diam- 
eter; priming,  fulminate  of  mercury;  current  to  explode  a  single  fuze,  0.28  webers; 
current  to  deflagrate  bridge,  0.55  webers. 

Experiments  upon  fuzes  united  in  series. 


Law-teMkofuMa. 

Law-lcoiioiinuM. 

MombMor 

CnnaatiD 

Ku.w.r 

Cnrrentln 

•xperim^t. 

web«n. 

Kind. 

Namberiii 
•eriw. 

SnmWor 

bUuM. 

mbtn. 

Kind. 

MnmberlB 

HukeroC 
UlniM. 

«.BS 

A. 

, 

31 

1.31 

A 

, 

0.M 

A 

10 

31 

Lffl 

A 

1 

HSg 

A 

13 

33 

1.33 

A 

3 

I 

0,88 

A 

S 

34 

1.33 

A 

2 

o.n 

A 

IS 

23 

L17 

A 

5 

o.«« 

A 

J 

28 

Ln 

A 

30 

g 

o.«: 

A 

3 

31 

1.34 

A 

5 

>.«3 

A 

1« 

38 

1.34 

A 

10 

LM 

A 

IT 

1* 

2> 

1.34 

A 

10 

U 

l.M 

A 

! 

30 

L3t 

A 

3                    1 

u 

l.M 

A 

3 

31 

1.37 

A 

3          '          0 

IS 

1.M 

A 

3 

32 

1.37 

A 

2                    0 

A 

1. 37 

A 

14 

LM 

A 

s 

34 

1.37 

A 

1                   0 

U 

Lll- 

A 

2 

34 

1.37 

A 

2                      0 

U 

1.11 

A 

2 

3S 

1.37 

A 

3 

17 

LU 

A 

3 

87 

A 

3          1         0 

IS 

1.18 

A 

ID 

1.37 

A 

3          i         0 

U 

1.23 

A 

s 

3) 

A 

20 

LOT 

A 

G 

40 

1.BT 

A 

a          i         1         1 
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1 

Low-tonsioo  ftices. 

Low-tension  fuses. 

Kumber  of 

Carreni  in 

1 

Nnmberof 

Current  in 

1 

exp«riment. 

webeiB. 

Kind. 

If  umber  in 

Knmber  of 

experiment. 

webers. 

'WT't        J 

Number  in 

Kumber  of 

aeriot. 

fiJlOTM. 

Kind. 

seriee. 

fidlnres. 

41  . 

1.42 

A 

6 

1 
0 

87 

1.88 

A 

10 

0 

42 

L45 

A 

80 

0 

68 

1.88 

A 

10 

0 

43 

L48 

A 

6 

0 

80 

L88 

A 

10 

0 

44 

1.40 

A 

10 

0 

70 

1.88 

A 

10 

0 

45 

1.40 

A 

36 

1 

71 

1.88 

A 

20 

0 

48 

1.50 

A 

20 

0 

72 

1.88 

A 

20 

0 

47 

1.53 

A 

2 

0 

78 

1.01 

A 

20 

0 

48 

1.53 

A 

2 

0 

74 

LOO 

A 

20 

0 

40 

1.58 

A 

2 

0 

76 

2.02 

A 

20 

0 

50 

1.53 

A 

2 

0 

78 

2.20 

A 

5 

0 

61 

1.63 

A 

2 

0 

77 

0.41 

B 

3 

2 

62 

1.63 

A 

2 

0 

78 

0.48 

B 

8 

2 

53 

1.70 

A 

2 

0 

78 

0.40 

B 

8 

0 

64 

1.70 

A 

2 

0 

80 

0.40 

B 

8 

2 

56 

1.70 

A 

2 

0 

81 

0.54 

B 

8 

1 

58 

1.70 

A 

2 

0 

88 

0.50 

B 

3 

0 

57 

1.70 

A 

2 

0 

88 

0.50 

B 

8 

0 

58 

1.70 

A 

2 

0 

84 

0.50 

B 

8 

0 

SO 

1.70 

A 

2 

0 

86 

0.50 

B 

3 

2 

80 

L70 

A 

2 

0 

88 

^      0.87 

B 

8 

0 

61 

1.88 

A 

6 

0 

87 

a87 

B 

8 

0 

82 

1.88 

A 

6 

0 

88 

0.87 

B 

6 

0 

83 

LOO 

A 

6 

0 

80 

0.87 

B 

6 

0 

84 

1.88 

A 

6 

0 

00 

0.87 

B 

8 

0 

85 

1.88 

A 

5 

0 

01 

0.87 

B 

88 

0 

88 

1.88 

A 

10 

0 

An  examination  of  this  table  will  show :  (1)  that  when  similar  fuzes  are  united  in 
series,  the  current  which  is  strong  enough  to  ensure  the  explosion  of  two  will  explode 
any  greater  number ;  (2)  that  unless  a  current  which  deflagrates  the  bridge  be  used, 
some  fuzes  are  almost  sure  to  fail  fi*om  the  breaking  of  the  circuit  by  their  neighbors; 
(3)  that  even  such  a  current  is  not  sufficient  to  render  explosion  absolutely  certain; 
and  (4)  that,  with  fuzes  primed  with  fulminate  of  mercury,  a  current  somewhat  less 
than  three  times  the  minimum  required  to  explode  a  single  fuze  is  sure  to  fire  all  in  the 
circuit  The  following  table,  which  is  simply  an  analysis  of  the  last,  exhibits  these 
deductions  in  a  form  convenient  for  reference: 

Summary  of  experiments  upon  fuzes  in  series. 


Type  A. 

Type  B. 

Currents  Tsryiog  from—- 

Per  cent.  fUL 

Currento  yarying  from" 

Per  cent.  fidl. 

Webert, 
0. 8  to  L  0 
LO  to  L2 
L2  to  L8 
L8  toL4 
L4  toL6 
L5  Scmore. 

50 

88 

8 

8 

1 
0 

Webert. 
0.40  to  a45 
0. 45  to  0. 50 
0.60  to  0.55 
0.55  to  0.80 
0.00  to  0.65 
0.87  Scmore. 

87 
44 

33 
17 

8(f) 

0 
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Similar  but  less  elaborate  experiments  upon  other  kinds  of  fuzes  have  uniformly 
confirmed  these  deductions ;  and  thus  have  justified  the  train  of  reasoning  which  sug- 
gested the  trials. 

Our  adopted  form  of  cut-off  has  been  prepared  accordingly.  It  consists  of  a  low- 
tension  fuze  identical  with  that  used  to  explode  the  mines,  except  that  the  detonating 
cap  is  omitted  and  the  priming  chamber  is  closed  with  a  stout  plug.  It  is  protected 
by  a  peculiar  box,  which  will  be  described  hereafter  under  its  proper  heading. 
SnCULTAVEOVB  lOVITIOVS. 
To  produce  the  maximum  effect  in  removing  obstructionB,  and  in  other  similar 
work,  both  civil  and  military,  pertaining  to  the  duties  of  the  Corps  of  Engineers,  it  is 
often  desirable  to  cause  the  simultaneous  explosion  of  many  mines ;  or,  sometimes, 
the  simultaneous  ignition  of  many  fuzes  distributed  throughout  the  charge  of  one  large 
mine.  In  the  present  state  of  science,  this  will  always  be  effected  by  electricity ;  and 
the  form  usually  preferred  will  be  the  volttuc  or  magneto-electric  current  acting  upon 
numerous  low-tension  fuzes.  Such  fuzes  may  be  united  either  in  series,  i  e.,  fuze  con- 
nected to  fuze  in  a  single  circuit ;  or  in  derived  circuits,  i.  c,  each  fuze  connected  to 
both  of  the  main  leading  wires ;  or  in  some  combination  of  these  two  methods.  The 
maximum  number  which  it  is  possible  to  explode  simultaneously  by  a  given  battery 
or  magneto-electric  machine,  will  vary  according  to  the  grouping  adopted. 

OMienl  Theory. — The  following  mathematical  investigation  of  the  laws  which  should 
govern  the  engineer  in  arranging  such  groups,  was  undertaken  at  the  invitation  of 
General  Newton,  in  connection  with  bis  great  blast  at  Hallett's  Point     He  adopted 
the  formulae  in  arranging  his  groups ;  and  his  mt^inificent  success  in  exploding  simul- 
taneously 3,640  charges,  on  September  24,  1876,  is  a  sufficient  practical  verification 
of  the  correctness  of  the  theory.     The  principles  are  equally  applicable  to  small  and 
to  large  operations,  where  economy  is  an  object     Let: 
E  =  the  available  electro-motive  force  in  volts. 
R,  =  the  corresponding  internal  resistance  in  ohms. 
C,  =  the  current  in  webers  needful  to  fire  one  of  the  groups  connected  in  series, 

all  such  groups  being  supposed  equal  in  electrical  resistance. 
L  =  the  resistance  in  ohms  of  the  main  leading  wires  connecting  the  source  of 

electricity  with  the  groups. 
F  =the  resistance  in  ohms  of  each  fuze  at  the  instant  of  explosion.    This 
includes  tlie  increased  resistance  due  to  the  headng  of  the  fine  wire 
bridge,  and  also  the  resistance  of  the  needful  local  connections. 
N  =  the  total  number  of  fuzes  which  can  be  exploded  simultaneously. 
n  =  the  number  of  fuzes  connected  in  series  to  form  a  single  group. 

N 

—  the  number  of  such  groups  connected  in  derived  circuit 
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From  well  known  electrical  latirs  the  following  general  equation  for  the  blast 
can  be  stated,  each  member  representing  the  total  strength  of  current  necessary  to 
cause  the  explosion. 

(60)  ^  C  -  ^ 


n 

Solving  this  equation  with  respect  'to  N,  and  finding  its  first  difierential  coefiScient 
regarded  as  a  function  of  n,  we  have : 

rfN_E-2FC,n 

Placing  the  second  member  equal  to  zero,  and  combining  the  resulting  equation 
with  equation  (60),  we  have  for  the  conditions  of  the  desired  maximum: 


(61)  N  = 


(62)  n  = 


4FC;(R,-fL) 
E 


(63) 


2FC, 
N  E 


n  -2C,(R,  +  L) 

As  a  check  upon  the  computation,  the  following  value  of  C^  derived  from  equa- 
tion (60),  should  be  nearly  the  same  as  the  assumed  value.     They  probably  will  not 

be  identical — since  fuzes  and  groups  cannot  be  subdivided,  and  fractions  in  n  or  — 

n 

must,  therefore,  be  ignored. 

E 

n  . 

It  is  evident  that  these  equations  furnish  a  mathematical  basis  for  a  full  discus- 
sion of  the  subject ;  for  not  only  do  they  reveal  the  maximum  number  of  simultaneous 
explosions  which  can  be  obtained  with  any  particular  generator  of  electricity,  type  of 
fuze,  and  kind  of  leading  wire,  but  they  also  indicate  the  relative  importance  of  the 
different  constants,  and  hence  point  out  the  principles  which  should  control  the  selec- 
tion of  apparatus  and  materials  for  any  difficult  blast.  Of  these  constants,  the  numeri- 
cal values  of  E  and  R,  vary  with  the  nature  of  the  geneYutor  of  electricity ;  those  of 
F  and  C,  depend  upon  the  construction  of  the  fuze;  while  L  is  fixed  by  the  conduc- 
tivity and  cross-section  of  the  metal  selected  for  the  main  leading  wires. 

The  first  glance  at  equation  (61)  shows  that  N  increases  directly  with  E^  and 

inversely  with  C/,  F,  R,,  and  L;  hence,  as  the  square  of  E  and  ^  enter  the  formula, 
particular  attention  must  be  given  to  make  these  quantities  as  large  as  possible. 
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Again,  a  little  conaideratioa  will  reveal  the  extreme  importance  of  making  L  dis- 
appear in  these  equations.  This  can  and  always  should  be  done,  either  by  using  rods. 
BO  large  as  to  ofiFer  no  sensible  resistance  to  the  current,  or  by  causing  the  several 
groups  to  diverge  at  the  poles  of  the  battery,  and  increasing  F  accordingly.  In  this 
case  equation  (63)  may  be  put  under  the  form  : 

Now,  since  E  and  R,  are  both  directly  proportional  to  the  number  of  elements 
coupled  in  series,  this  equation  reveals  the  curious  fact  that  when  all  the  cells  of  a 
voltaic  battery  are  so  coupled,  the  proper  grouping  of  the  fuzes  is  quite  independent 
of  the  number  of  celts ;  i.  €.,  the  proper  number  of  groups  to  be  used  in  derived  circuit 
is  constant,  no  matter  how  many  cells  are  coupled  in  series.  Hence,  so  far  as  the 
number  of  groups  is  concerned,  the  relative  merit  of  different  types  of  battery  is  in 

E 

the  direct  ratio  of  the  numerical  values  of  the  quotient  ^  for  a  single  element 

But  equation  (62)  shows  that,  with  any  type  of  battery,  the  number  of  Aizes 
which  can  properly  be  placed  in  each  group  is  directly  proportional  to  the  number  of 
cells  coupled  in  series ;  also,  that  the  relative  merit  of  different  elements  in  this  respect 
is  directly  proportional  to  their  electro-motive  force  per  cell. 

This  analysis  makes  it  clear  that,  in  choosing  a  battery  for  a  targe  blast,  it  is  only 

necessary  to  consider  the  numerical  value  of  the  ratio  =-  for  a  single  celt,  the  cost  per 

cell  (K),  and  the  relative  convenience  (economy)  of  manipulation  (M);  that  is,  the 

figure  of  merit  for  any  type  of  battery  is  proportional  to  „   .,. 

For  example,  suppose  one  type  of  battery  (A)  to  have  an  electro-motive  force  of 
2  volts,  an  internal  resistance  of  6.2  ohms,  a  cost  of  SlO  per  cell,  and  a  relative 
economy  of  manipulation  denoted  by  5 ;  and  a  second  type  (B)  to  have  for  these 
quantities,  respectively,  the  values  1.0  volts,  0.5  ohms,  Si  and  3.  Then,  for  relative 
merit : 

That  is,  the  more  costly  type  would  really  be  the  more»economical  battery  in  the 
ratio  of  10  to  6.        ■ 

Another  point  likely  to  suggest  itself  is,  how  any  given  number  of  cells  ought  to 
be  divided  in  separate  circuits,  and  coupled  in  each  circuit,  to  secure  the  best  result 
Although  the  statement  may  at  first  seem  to  be  a  little  paradoxical,  the  matter  is  one 
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simply  of  convenience.  This  is  evident  from  a  study  of  equation  (61);  for  when  L 
is  eliminated,  as  we  have  seen  should  always  be  done  in  practice,  if  we  denote  by 
X  the  number  of  cells  coupled  in  series,  and  by  yi  the  number  coupled  in  multiple  arc, 
e  and  r,  referring  to  a  single  cell: 

4C; F -^ ir,  - 4 C; F -^ r, -^ "^^^ 

y 

Hence,  no  change  in  N  can  be  caused  by  any  variation  in  the  arrangement  of  the 
cells,  provided  only  that,  as  required  by  equation  (62),  ^r—^  be  never  made  less  than 

C,.  Indeed,  a  little  reflection  will  show  that  this  must  be  the  case,  since  by  the  theory 
of  the  method  the  fuzes  are  always  so  grouped  as  to  consume  the  maximum  ejiergy 
attainable  from  the  elements;  and,  of  course,  no  mere  change  of  arrangement  can 
generate  or  destroy  energy.  In  practice,  then,  the  number  of  cells  to  be  coupled  in 
series  would  be  determined  by  the  number  of  fuzes  which  could  most  conveniently  be 
united  in  single  groups;  while  the  number  of  cells  to  be  coupled  for  quantity  would 
depend  upon  the  desired  number  of  groups  in  each  circuit  From  these  conditions,  in 
the  case  of  very  large  blasts,  the  dividing  of  the  battery  into  separate  circuits  to  be 
closed  simultaneously,  naturally  results.  The  general  formulae  for  these  computations 
are  the  following,  derived  from  equation  (62)  and  equation  (63): 

2FC, 

e 

-  _^  -  ^^  C!,r,n  F 

xe 2{J,L 

n 

As  has  already  been  stated,  the  quantity  L  should  be  made  to  disappear  by  a 
judicious  selection  and  arrangement  of  the  leading  wires  and  connections.  If  this  be 
neglected  great  loss  of  power  will  be  unavoidable,  as  is  apparent  from  the  latter  of 
these  equations.  Indeed,  the  chief  reason  for  recognizing  this  quantity  in  framing 
equation  (60),  was  to  exhibit  clearly  the  importance  of  making  it  zero. 

In  choosing  the  fuze,  the  quantities  F  and  C^  are  to  be  considered.  The  condi- 
tions to  be  fulfilled  by  the  former  are  simple,  since  it  is  only  necessary  that  it  be  as 
small  as  possible  consistent  with  securing  the  minimum  value  for  C,:  and  this,  aside 
from  the  choice  of  suitable  local  leading  wires,  is  a  matter  only  to  be  learned  by  judi- 
cious experiment  The  quantity  C,  has  already  been  fully  discussed  when  treating 
of  the  service  cut-off. 

There  is,  however,  one  particular  case  which  must  not  be  overlooked,  viz:  .Where 
a  simple  derived  circuit  is  arbitrarily  chosen,  or  in  other  words  when  n  is  assumed  to 
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be  unity.  Evidently  with  this  system  of  connections  the  most  sensitive  fuze  will 
explode  as  soon  as  the  minimum  needful  current  traverses  it;  and  by  so  doing  it  will 
increase  the  cun*ent  flowing  through  the  others,  some  of  which  in  their  turn  may 
now  detonate.  Hence  if  the  current,  when  subdivided  among  the  diflferent  branches, 
everywhere  equals  the  minimum  required  to  fire  a  single  fuze,  an  explosion  will 
probably  occur  in  a  rattling  volley  like  the  fire  of  a  skirmish  line.  To  this  case 
the  general  formulae  are  inapplicable,  since  from  the  manner  in  which  they  have 
been  deduced  no  arbitrary  value  can  be  assigned  to  n;  use  must,  therefore,  be  made 
of  equation  (60),  from  which,  when  w=  1,  we  find: 

In  this  equation  the  value  of  C,  is  independent  of  time— or,  in  other  words,  for 
type  A  (page  242)  it  is  0.45  webers,  and  for  type  B,  0.28  webers. 

In  like  manner,  if  the  fuzes  be  arbitrarily  united  in  a  single  series,  the  general 
formulae  are  inapplicable ;  but  the  number  which  can  be  exploded  will  be  found  from 
equation  (60)  to  be : 

(66)  »  =  lllC^.it) 

This  second  case  is  not  likely  to  mislead,  because  C^  must  have  the  value  per- 
taining to  two  or  more  fuzes;  i.  e.,  for  type  A  it  must  be  1.5  webers  and  for  type  B, 
0.67  webers ;  and,  if  the  grouping  in  single  series  be  the  best,  the  fact  will  be  indi- 

N 
cated  by  —  becoming  unity  in  the  general  formulae.     For  the  first  case,  however,  since 

a  diflferent  value  of  C,  is  used,  it  is  always  well  to  compare  the  numerical  value  of  N 
in  equation  (65)  with  that  inequation  (61)  before  deciding  upon  the  manner  of  group- 
ing to  be  adopted.  It  must  not  be  forgotten,  however,  that  the  explosions  will  prob- 
ably  be  more  nearly  simultaneous  if  the  larger  current  be  used. 

Praotical  Applioationt.— As  a  practical  test  of  the  foregoing  theory,  a  trial  was  made 
with  a  blasting  battery  of  nine  cells,  consisting  of  zinc  and  coke  plates  immersed  in 
a  solution  of  bichromate  of  potash  containing  the  usual  percentage  of  sulphuric  acid. 
The  opposed  surfaces  were  4J  by  4J  inches,  separated  J  inch,  and  fuzes  of  the  type 
A  were  used.  The  constants  of  the  battery,  freshly  set  up,  had  been  found  by  careful 
measurement  to  be  as  follows:  For  electro-motive  force  1.96  volts  per  cell,  and  for 
internal  resistance  0.15  ohms  per  cell;  the  main  leading  wires  had  a  resistance  of  0.12 
ohms;  F  was  1.0  ohms;  and  C,  was  assumed  to  be  1.33  webers.  Under  these  cir- 
cumstances, equations  (61),  (62),  and  (63)  indicated  that  the  best  grouping  would  be 
five  series  of  six  fuzes  each,  giving  thirty  explosions,  with  a  current  through  each  fuze 
of  1.32  webers.  Upon  trial  the  whole  exploded  so  nearly  together  that  only  one  sound 
could  be  detected  by  the  ear. 
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To  compare  this  result  with  a  simple  grouping  in  series,  use  was  made  of  equation 
(66);  which  showed  that  12  fuzes  could  be  thus  exploded.  As  those  selected  fell  a 
little  below  the  average  resistance,  13  were  tried;  and  they  all  instantly  detonated, 
the  current  through  each  fuze  being  1.30  webers.  On  trying  17,  which  allowed  a 
current  of  precisely  1  weber  to  pass,  7  exploded  and  10  failed. 

Lastly,  equation  (65)  indicated  that  in  simple  derived  circuit  26  fuzes  could  be 
fired,  with  a  current  through  each  fuze  of  OA  •  webers.  Trial  showed  this  to  be  the 
case,  but  the  sound  was  a  little  lengthened.  On  repeating  the  experiment  with  35  in 
circuit,  none  exploded ;  on  removing  a  single  fuze,  3  others  detonated ;  on  a  third 
closing  of  the  circuit,  the  rest  went  in  a  prolonged  volley,  showing  that  too  much 
had  still  been  demanded  of  the  battery. 

In  like  manner,  six  cells  of  the  same  battery  were  tried  with  type  B ;  and  equa- 
tions (61),  (62),  and  (63)  showed  that  the  best  grouping  would  be  nine  series  of  4  fuzes 
each,  giving  a  current  through  each  of  the  36  fuzes  of  0.67  webers.  On  tiial,  they 
all  detonated  instantly,  with  no  lengthening  of  the  sound.  If  the  whole  battery  of 
nine  cells  had  been  used,  the  grouping  would  have  been  nine  series  of  7  fuzes  each, 
giving  63  fuzes,  through  each  of  which  0.64  webers  would  have  passed. 

Upon  comparing  these  results,  it  is  evident  that  the  new  formulae  correctly  indi- 
cated the  best  grouping. 

It  only  remains  to  illustrate,  by  a  practical  example,  the  uses  of  the  foregoing 
theory  where  a  great  number  of  mines  are  to  be  exploded ;  and,  to  give  variety  to 
the  discussion,  the  power  of  a  magneto-electric  machine  made  by  the  Laflin  &  Rand 
Powder  Company  will  be  computed  This  machine,  which  is  described  in  the  next 
chapter,  is  a  modified  Wild,  the  permanent  magnets  being  replaced  by  an  electro- 
magnet actuated  by  a  small  Siemens  armature  which  supplies  the  current  for  creating 
the  magnetic  fields  in  which  it  and  the  working  Siemens  armature  revolve.  A  very 
careful  measurement  of  the  constants  of  this  machine  was  made ;  and,  for  a  range  cov- 
ering the  usual  working  speed,  its  equation  was  found  to  be  the  following,  in  which : 

C  z=  the  current  in  webers. 

T  =  the  number  of  revolutions  of  the  armature  per  minute. 

R  =z  the  external  or  working  resistance  in  ohms. 

.nn^  p,      0.02395  T 

(^'^  ^  =  0:043  +  R 

For  the  proposed  computation,  let  T  be  assumed  to  be  1,500,  giving  for  E  36.92 
volts.  R,  is  0.043  ohms.  Let  it  first  be  supposed  that  fuzes  of  type  A  are  used ; 
requiring  for  sure  ignition,  C,  to  be  equal  to  1 .5  webera,  and  F,  including  the  connect- 
ing wires,  to  be  1.0  ohms.     Making  use  of  ordinary  leading  wires  for  carrying  the 

current  from  the  machine  to  the  groups,  let  them  be  assumed  to  be  of  copper  No.  1 3, 
No.  23 32 
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R  W.  G ,  each  500  feet  long,  giving  for  L,  say  2.0  ohms.    Tiien  by  equations  (61) 
(62),  (63),  and  (64): 

N  =  70.2,    or  say  72 

n  =11.97,  or  iay  12 

-  =  5.86,  or  Bay      6 
n 

C,  =  1.48  webers. 
This  result  being  far  from  satisfactory,  let  equation  (61)  be  inspected  to  deter- 
mine the  cause ;  evidently,  unless  the  machine  or  the  rate  of  revolutions  of  the  arma- 
ture or  the  fuzes  be  changed,  the  quantity  L  offers  the  only  field  for  improvement 
Accordingly,  let  the  1,000  feet  of  leading  wire  of  No.  13  B.  W.  G.,  be  replaced  by 
copper  rods  an  inch  in  diameter,  having  a  resistance  of  say  0.01  ohms.  We  then 
shall  find: 

N=z  2704,  or  say  2,712 

«=  11.97,  or  say       12 

-  =  225.9,  or  say    226 

C,=  1.498  webers. 
Hence,  by  simply  subtracting  1.99  ohms  from  the  resistance  of  the  main  leading 
wires,  the  number  of  simultaneous  explosions  has  been  increased  nearly  3,800  per 
cent,  and  yet  a  stronger  current  is  sent  through  every  fuze. 

For  the  last  arrangement,  in  which  alone  regard  was  paid  to  scientific  principles, 
we  find  in  equation  (60): 

R,  =  0.043 

L+^=  0.063 
n 

In  other  words,  the  well-known  condition  that,  to  develop  the  maximum  power 
of  any  battery,  the  internal  must  equal  the  external  resistance  is  approximately  ful- 
filled. If  L  could  conveniently  be  made  zero,  the  accordance  would  be  exact;  and, 
provided  F  were  not  increased  thereby,  3,348  of  these  fuzes  could  be  exploded 
together. 

To  illustrate  the  importance  of  carefully  selecting  the  fuze,  the  last  computation 
will  be  repeated  for  type  B  (used  at  the  great  Hallett's  Point  blast)  and  for  the  two 
exceptionally  sensitive  types  furnished  by  Digney  and  Breguet  (page  238).  Unfortu- 
nately the  samples  of  these  French  fuzes  were  not  laige  enough  to  permit  a  measure- 
ment of  C,;  but  the  usual  rule— three  times  the  current  requisite  for  a  single  fuze — ^is 
accurate  enough  for  the  present  purpose.  In  estimating  F  for  types  A  and  B,  the 
known  resistance  at  explosion  is  increased  by  0.18  ohms  for  the  local  leading  wires; 
but  for  the  French  fuzes  an  additional  allowance  must  be  made  on  account  of  the 
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increase  in  resistance  caused  by  the  excessive  length  of  their  bridges.  Thus,  for  the 
Digney  pattern  this  increase  is  10  times  and  for  the  Breguet  pattern  15  times  that  of 
the  American  types  when  passing  from  the  cold  state  to  that  of  ignition.  For  the  first 
pattern  0.18  ohms  and  for  the  second  pattern  0.36  ohms  are  allowed  for  extra  increase — 
both  probably  less  than  the  true  value.  The  quantity  L  is  taken  at  0.01  ohms  as 
before.  The  following  table  exhibits  the  results  of  the  computation,  which  sufficiently 
illustrates  the  importance  of  careful  study  in  preparing  a  fuze  for  difficult  work. 

Comparison  of  fuzes  in  large  blasts. 


Kind  of  Aim. 

Reslataiioe  ftt 
exploaion. 

Value  of— 

Compnted  Talnea. 

Cnmnt  for 
Iftiie. 

c, 

F 

TotalNo.offtuBe». 
(N) 

In  each  group, 
(n) 

Ko.  of  groape. 

(1) 

c, 

Tviie  A 

Okmt. 
0.82 

Weben, 
0.45 

Webert. 
1.5 

Ohmi. 
1.00 

2.19 

8.84 

6.28 

2704  say  2712 
6190  My  6072 
5434  8MJ  5643 
6420  My  6083 

11. 9  say  12 

12.2  eay  12 

&7  Bay    9 

7. 4  lay    7 

225.9  say  226 

505.7  Bay  506 
627.4  Bay  627 

868.8  say  869 

1.50 
0.68 
0.58 
0.41 

TviM  B.-. 

2.01 
8.48 
5.69 

0.28                0.67 
0.18                0.54 
0. 18                0.  SO 

TMonev 

Bvfiflmot  .••••••• 

In  fine,  then,  this  portable  machine,  requiring  only  about  four  horse-power,  will 
supply  an  ample  magneto- electric  current  to  meet  any  demand  likely  to  arise  in  sub- 
marine blasting  upon  the  most  extensive  scale  known  upon  modem  works  of  internal 
improvement  From  the  principle  of  its  construction  internal  resistance  is  nearly 
eliminated,  rendering  it  possible,  by  proper  grouping  and  the  selection  of  a  suitable 
fuze,  to  obtain  the  astonishing  results  indicated  above. 


CHAPTER  III: 

IGNITING  APPARATUS. 

Fiiotlonal  eleotricitj-. — The  Anatrinn  exploder. — Smith's  frictioaal  tiKttery. — Mowbrsy'a  powder  keg  battery.— Born- 
hurdt'a  friotiooal  machine.— Voltaic  indnclion. — The  extra  cnirent  c«il.— Iiidnetion  coils.—HaKiieto-elec- 
tricitf . — The  Biegaet  tuacliine. — The  Jargeuwn  machine. — The  Marcas  machioe. — Tim  Wheatstone  exploder.— 
The  Beardalee  machine. — The  Qraninie  Oiarhioe. — DyiiBmo-elfclricity. — The  Biemeos  Bpark  machine. — Tin 
Fanner  machine. — The  Smith  machine. — The  Laflin  aud  Rnnd  machine.  ^The  Lndd  machine. — Hie  Siement 
cunvnt  machine.— The  Hochhanacn  machine.— The  modified  Wild  mac lilnu.- Voltaic  batterieg.— The  nitric 
acid  cell,  two  flnid. — The  Benton  iron  cell,  two  dnid. — The  chromic  acid  cell,  tiro  fluid. — The  chronic  arid 
cell,  single  lluid.—The  dilute'  snIpUoric  acid  cell,  ainglo  fluid.— The  Bal-ammuniac  cell,  gingle  flnid. — The  per- 
oxide of  lead  cell,  single  nid. — The  sesqni-oxide  of  iron  cell,  single  fluid. — The  sniphate  of  capper  cril,  two 
fluid. — The  chloride  of  silver  coll,  single  fluid. — The  Clark  standard  cell,  single  fluid. — The  secondary  cell, 
single  fluid. 

FranJdin,  in  his  "LatterS  on  Electricity"  (June  29,  1751),  was  the  first  to  sug- 
gest the  employment  of  frictional  electricity  for  the  ignition  of  gunpowder. 

In  1831,  Moses  Shaw,  of  New  York,  made  the  tirut  actual  application  of  this 
method  to  the  explosion  of  mines. 

The  practical  difficulties  arising  at  that  date  from  defective  insulation  of  the 
apparatus,  and  especially  of  the  leading  wires,  were  so  serious  that  attention  was 
diverted  to  the  heating  of  a  fine  platinum  wire  by  a  current  of  voltaic  electricity,  and 
that  method  soon  superseded  all  others. 

A  sketch  found  among  the  papers  of  the  late  Col.  Samuel  Colt,  of  Hartford, 
widely  known  as  the  inventor  of  the  revolving  pistol  bearing  his  name,  is  sufficieat 
evidence  that  during  his  careful  study  of  submarine  mining  he  had  become  familiar 
with  the  practical  advantages  of  the  low-tension  fuze.  ITiis  sketch,  which  bears  tlie 
date  of  1836,  indicates  a  method  of  firing  the  torpedoes  at  will,  by  the  use  of  a  fine 
platinum  wire  to  be  heated  by  a  battery;  and  in  his  grand  experiment  upon  the 
Potomac  in  1843,  he  blew  up  a  brig  under  full  sail  with  a  battery  placed  in  Alexandria, 
five  miles  distant 

The  first  application  of  electrical  ignitions  in  civil  engineering  was  made  by  Sir 
Charles  Pasley,  of  the  Royal  Engineers;  who,  in  1839,  successfully  used  low-tension 
fuEes  in  the  removal  of  the  wreck  of  the  Royal  George  at  Spithead.  He  employed  a 
form  of  the  Daniell  battery — which  was  invented  by  Becquerel  in  1829,  and  rein- 
vented by  Daniell  in  1836. 

The  earliest  form  of  magneto-electric  igniting  apparatus  suitable  for  field  use  was 
invented  by  Sir  Charles  Wheatstone  about  the  year  1860.  He  was  then  working 
with  Professor  Abel  to  improve  existing  modes  of  exploding  mines,  and  his  machine 
was  specially  designed  for  use  with  the  medium-tension  fuze  devised  by  the  latter  at 
about  the  same  date.     Since  that  time  the  subject  has  received  constant  study;  and 
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many  modes  of  igniting  explosive  charges  through  the  agency  of  electricity,,  in  all  its 
characteristic  forms,  are  now^  available  for  the  use  of  the  engineer. 

The  duties  of  the  Corps  of  Engineers  include  not  only  the  defense  of  our  har- 
bors by  submarine  mines  (for  which  the  voltaic  battery  alone  is  suitable),  but  also 
that  of  rivers  and  inland  channels  where  portable  apparatus  may  sometimes  be  supe- 
rior to  any  form  of  the  voltaic  cell ;  military  mining,  offensive  and  defensive  on  land; 
and  civil  works  for  river  and  harbor  improvement,  involving  blasting  on  a  large  scale. 
Every  known  form  of  igniting  apparatus  is,  therefore,  of  professional  interest  to  our 
officers,  and  the  investigations  conducted  at  Willets  Point,  have  covered  a  wide  ground 
in  this  respect.  In  this  chapter,  therefore,  the  several  modes  of  ignition  will  all  be 
considered,  and  the  most  useful  forms  of  generating  apparatus  will  be  described. 

FRICnOVAL  APPAEATUS. 

In  principle  these  instruments  are  all  identical.  They  consist,  essentially,  of  a 
generator  of  frictional  electricity ;  a  condenser  to  receive,  store,  and  multiply  the 
charge ;  and  a  key  to  send  it  through  the  circuit  and  fuze  at  will. 

The  chief  advantage  of  the  class  lies  in  the  fact  that  when  several  fuzes  are  to  be 
fired  together  the  high  potential  of  the  electricity  permits  a  straight  or  simple  circuit 
to  be  employed.  The  explosions  may  therefore  be  considered  as  absolutely  simul- 
taneous, since  the  time  of  passage  of  the  spark  is  too  short  to  be  estimated.  With 
electricity  of  low  potential  and  a  derived  circuit,  on  the  other  hand,  ignition  must 
occur  in  succession,  the  more  sensitive  fuzes  exploding  first.  It  is  true  that  the  inter- 
vals between  these  explosions  are  usually  too  short  to  be  detected  by  the  ear ;  but, 
with  modern  explosives,  it  can  hardly  be  assumed  that  they  have  no  influence  upon 
the  effect  of  the  blast. 

Wishing,  in  May,  1871,  to  study  the  laws  which  govern  the  action  of  a  powerful 
spark  sent  into  a  circuit  containing  many  tension  fuzes  coupled  in  series,  I  selected  a 
priming  verging  on  the  safety  limit  (modified  Dowse  with  35  per  cent,  of  plumbago), 
and  connected  500  of  the  fuzes  in  straight  circuit  They  were  inserted  in  small  bottles 
charged  with  gunpowder  and  placed  1 4  inches  apart.  The  whole  formed  a  line  on 
the  beach  about  600  feet  long.  All  wire  terminals  were  carefully  insulated  with  roofing 
cement  Two  main  leading  wires,  each  900  feet  long,  extended  from  the  terminal 
fuzes  under  water  to  a  boat,  and  were  attached  to  a  Smith  machine.  These  wires  were 
insulated  with  gutta-percha ;  which,  although  quite  new,  was  not  of  the  best  quality, 
especially  in  the  later  shots  after  a  hot  sun  had  softened  it  The  machine  was  giving 
3-inch  sparks ;  and  charges  of  this  quantity  were  sent,  successively,  into  the  circuit; 
but  the  long  submerged  wires  reduced  the  effective  spark  to  about  half  an  inch. 
Fuzes  which  had  exploded  were  not  replaced,  but  the  circuit  was  restored  in  each  case. 
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The  following  table,  Trhich  exhibits  the  details  of  this  experiment,  Bupports  the 
conclusions : 

I.  That  when  a  circuit  is  too  long,  the  fuzes  near  the  ends  are  the  most  likely  to 
explode,  the  charge  apparently  being  dissipated  after  doing  its  work  upon  them. 

II.  That  it  usually  happens,  when  the  charge  is  nearly  dissipated,  that  it  traverses 
the  less  sensitive  fuzes  and  explodes  those  beyond  them  of  a  more  delicate  character. 

III.  That  with  one  pole  of  the  machine  connected  to  earth  and  the  other  to  one 
end  of  the  fuze  circuit,  the  other  end  being  in  air  (trial  No.  U),  no  material  reduction 
occurs  in  the  number  of  fuzes  fired.  This  result  suggested  the  following  laboratory 
experiment :  One  pole  of  the  machine  was  left  insulated.  The  other  was  attached  to 
a  short  leading  wire  which  was  terminated  by  one  wire  of  a  modified  Dowse  fuze,  the 
free  wire  being  in  air.  When  the  machine  was  discharged  after  being  excited  suffi- 
ciently to  ^ve  about  an  inch  spark  under  ordinary  conditions,  explosion  usually 
occurred. 

ly.  That  under  the  general  conditions  of  this  experiment,  the  normal  number  of 
simultaneous  ignitions  ranges  Irom  twenty  to  forty :  average,  nearly  thirty.  Expe- 
rience in  wet  tunnel  blasting  fixes  a  similar  limit  to  the  power  of  Smith's  machine  with 
these  fuzes,  which  verge  on  the  extreme  border  of  safety. 

Many  modified  Doate  fuzes  in  aerie*. 
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Another  advantage  of  frictional  apparatus  is  that  it  may  be  made  lighter  and  more 
portable  than  any  other  kind  having  equal  power. 

On  the  otlier  hand^  this  form  of  electricity  has  serious  disadvantages,  especially 
in  its  applications  to  submarine  mining. 

The  potential  necessarily  being  extremely  high,  accidental  injuries  to  the  leading 
wires  are  more  serious  than  with  most  other  apparatus,  from  the  greater  chances  that 
they  may  cause  miss-fires.  It  is,  however,  an  error  to  consider  that  absolute  insula- 
tion is  essential,  especially  when  a  return  wire  is  used.  At  the  Torpedo  School  safe 
fuzes  have  often  been  exploded  at  ranges  of  300  or  400  feet  when  both  wires,  sub- 
merged, exposed  a  little  naked  copper  to  the  sea  water ;  and  fuzes  of  a  kind  consid- 
ered to  be  over-sensitive,  although  perhaps  not  dangerously  so,  have  been  fired  through 
submerged  wires,  each  of  which  was  naked  for  several  inches. 

« 

The  following  experiments  were  made  to  test  this  matter  in  October,  1871,  with 
fuzes  primed  with  fulminate  of  copper  mixed  with  35  per  cent,  of  plumbago,  aver- 
aging about  0.9  microfarads  for  ignition,  and  hence  near  the  limit  of  safety.  The 
circuit  consisted  of  two  gutta-percha  insulated  wires,  each  400  feet  long,  submerged 
in  salt  water.  A  Smith  machine  was  placed  in  a  boat  and  attached  to  these  two  wires 
in  the  usual  way.  The  other  ends  of  the  wires  were  in  the  air,  with  the  fuze  connect- 
ing them.  The  machine  was  in  rather  bad  order,  requiring  45  turas  for  a  2-inch  spark 
on  short  circuit.  Through  this  submerged  circuit  the  spark  was  reduced  to  half  an 
inch.  The  insulation  was  removed  from  both  wires  at  a  distance  of  about  2  feet  £ix)m 
the  fuze,  and  the  bared  parts  were  submerged  and  kept  5  inches  apart  The  following 
experiments  were  then  made,  the  fuze  exploding  in  each  case: 


Each  wire  bared  for  0.1  inoh;  fbze  exploded  with  1  turn 
Each  wire  bared  for  0.5  inches;  fhze  exploded  with  3  tnms 
Each  wire  bared  for  1.0  inch;  faze  exploded  with  3  turns 
Each  wire  bared  for  2.0  inches;  fhze  exploded  with  25  turns 
Each  wire  bared  for  2.5  inches;  fhze  exploded  with  35  tnms 
Each  wire  bared  for  3.0  inches;  fuze  exploded  with  35  turns 
Each  wire  bared  for  3.5  inches;  fuze  exploded  with  40  turns 
Ea«h  wire  bared  for  4.0  inches;  fiize  exploded  with  40  turns 
Each  wire  bared  for  4.5  inches ;  fuze  exploded  with  40  turns 
Each  wire  bared  for  5.0  inches;  fuze  exploded  with  40  turns 
Each  wire  bared  for  5.5  inches ;  fuze  exploded  with  45  turns 
Each  wire  bared  for  6.0  inches;  fuze  exploded  with  45  turns 


failing  with  0  turn, 
failing  with  2  tnms. 
failing  with  2  turns, 
failing  with  20  turns, 
failing  with  30  tnms. 
failing  with  30  turns, 
failing  with  35  turns, 
failing  with  35  turns, 
fiiiling  with  35  turns, 
failing  with  35  turns, 
failing  with  40  turns, 
failing  with  40  turns. 


These  experiments  prove  that  perfect  insulation  is  not  essential  with  frictional 
electricity,  even  when  the  leading  wires  are  submerged;  and  the  fact  that  failures, 
with  good  fuzes,  are  rare  in  practice  confirms  this  conclusion.  For  this  class  of 
igniting  apparatus,  two  wires  are  much  better  than  a  single  wire  and  the  earth,  since 
the  tendency  to  leakage  is  reduced  when  the  whole  circuit  is  metallic. 

Another  difficulty,  already  discussed  in  the  last  chapter,  must  not  be  forgotten 
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with  fiictioDal  apparatus  when  several  mines  are  to  be  fired  separately,  aud  the  cables 
happeri  to  He  near  each  other.  The  spark  in  passing  through  one  cable  is  liable  to 
induce  so  stA)ng  a  disturbance  in  the  electrical  condition  of  the  others  as  to  ignite 
their  fuzes.  With  submerged  cables,  this  inductive  effect  is  less  than  when  they  are 
on  land;  and  long  submerged  cables  are  less  exposed  to  it  than  short  oiies.  For  such 
cases  experiment  at  the  Torpedo  School  has  developed  a  simple  preventive,  as  has 
been  already  explained  on  page  222. 

Another  very  serious  difficulty  attends  the  use  of  frictional  apparatus  in  Bubma- 
rine  mining.  No  pattern,  as  yet  invented,  will  retain  a  full  charge  for  any  consider- 
able time  without  loss;  wliile  to  generate  the  requisite  electricity  requires  perhaps  half 
a  minute.  In  this  kind  of  service  it  is  needful  to  be  ready  to  fire  instantly  at  the 
word;  there  is  danger,  therefore,  either  of  sending  too  small  a  charge  through  the  fuze, 
or  of  sending  it  too  late,  or  of  perforating  the  condenser  by  attempting  to  restore  an 
over-estimated  loss  by  an  additional  charge. 

For  these  reasons  fnctional  exploders  are  better  suited  to  blasting  than  to  defens- 
ive submarine  mining.     Four  types  will  be  considered. 

Th«  Aiutrian  Exploder.— To  Baron  von  Ebner,  of  the  Austrian  Engineers,  is  due  the 
credit  of  first  devising  a  machine  of  this  character,  suited  for  practical  use  in  the  igni- 
tion of  mines. 

The  latest  pattern  of  his  instrument  is  encased  in  ebonite,  and  is  protected  by  a 
teak  box  16  bv  7  by  17  inches,  the  whole  weighing  32  pounds.  It  is  capable  of 
generating  a  spark  about  half  an  inch  in  length. 

The  generator  consists  of  a  double  ebonite  plate,  10  inches  in  diameter,  revolving 
between  four  rubbers,  each  made  of  a  brass  plate  covered  first  with  flannel  and  then 
with  leather.  The  leather  is  coated  with  an  amalgam  of  zinc  and  tin,  pulverized  and 
applied  with  lard  or  wax ;  or  with  a  thin  coat  of  mosaic  gold  (stannic  sulphide),  ren- 
dered adherent  by  wax.  These  rubbere  become  charged  with  ]K)sitive  electricity 
when  the  plates  are  caused  to  revolve^  the  corresponding  negative  charge  remaining 
on  the  latter,  confined  by  silk  flaps  attached  to  the  cushion  next  inside  the  leather. 
A  brass  rod  with  two  sets  of  points,  placed  between  the  discs  of  the  double  plate,  col- 
lects by  incToction  this  negative  charge,  as  the  discs  pass  in  their  near  vicinity  after 
leaving  the  flaps. 

The  condenser,'placed  in  a  box  immediately  under  the  generator,  consists  of  a 
roll  of  alternate  sheets  of  tinfoil  and  silk,  having  an  inductive  capacity  of  about  0.0003 
microfarads.  One  set  of  tinfoil  discs  is  in  metallic  connection  with  the  bi-ass  collector, 
and  the  other  set  with  the  cushions.  At  every  revolution  of  the  plates  the  condenser 
thus  receives  a  certain  charge,  which  is  rapidly  augmented  in  accordance  with  the 
laws  governing  static  induction. 
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From  the  bottom  of  each  end  of  the  condenser  box  projects  a  brass  teiininal ; 
these  are  connected  together,  and  to  one  coating  of  the  condenser,  by  a  brass  strap. 
One  of  these  terminals  is  designed  to  receive  a  leading  wire.  At  the  other  end  of  the 
box  an  insulated  terminal,  designed  for  the  other  leading  wire,  projects  directly  over 
the  second  and  about  2  inches  from  it.  By  an  ebonite  key  in  the  side  of  the  box 
this  third  terminal  may,  at  pleasure,  be  placed  in  metallic  contact  with  the  rod  carry- 
ing the  collecting  points,  and  hence  with  the  other  side  of  the  condenser,  thus  sending 
the  charge  of  the  latter  through  the  fuze  The  second  terminal  (the  lower  on  the 
end  at  which  there  are  two)  carries  a  movable  brass  rod  to  test  the  length  of  spark 
which  the  machine  is  capable  of  giving,  and  hence  its  condition  and  the  requisite 
number  of  turns  to  perform  the  work  required.  Care  must  be  taken  to  see  that  this 
pin  is  drawn  down  sufficiently  to  break  this  testing  circuit  before  attempting  to  fire; 
and  also  to  break  the  fuze  circuit  when  using  the  testing  circuit. 

In  dry  weather,  and  when  free  from  surrounding  dampness,  this  apparatus  is 
serviceable;  but  the  protection  against  moisture  is  so  imperfect  that  it  is  unfitted  for 
use  in  wet  places.  It  has  been  but  little  employed  in  this  country,  being  far  inferior 
both  in  power  and  insulation  to  the  American  exploder  now  to  be  described. 

Smith*!  Friotional  Battery.— This  American  modification  of  the  Austrian  exploder  was 
patented  in  1869,  and  is  a  great  improvement  upon  the  original.  Indeed,  it  leaves 
little  room  for  further  progress  in  fnctional  blasting  apparatus. 

It  has  been  very  largely  used  in  this  country  for  railroad  and  other  blasting.  In 
the  Hoosac  Tunnel  it  was  preferred  to  any  other  apparatus ;  and  experience  showed 
that  it  could  be  kept  for  weeks  underground  in  the  wet  headings  without  injury  from 
dampness.  With  good  fuzes,  not  over-sensitive,  it  could  be  trusted  to  fire  twenty  holes 
simultaneously,  in  straight  circuit,  with  only  an  occasional  miss.  It  was  cleaned  and 
repaired  at  the  works  by  workmen  of  ordinary  intelligence.  In  fine,  it  proved  itself 
to  be  a  trustworthy  instrument,  portable  and  convenient.  Extended  experience  at 
Willets  Point  has  confirmed  this  good  opinion  of  its  merits.  A  single  service  tension 
fuze  can  be  fired  with  it,  through  a  submerged  torpedo  cable,  at  a  distance  of  over  2 
miles ;  and,  for  ranges  of  a  few  hundred  feet,  a  slight  loss  of  insulation  in  the  leading 
wires  does  not  cause  a  miss-fire  With  proper  care,  the  only  injury  liable  to  occur  is 
a  perforation  of  the  condenser,  and  this  is  not  common ;  but  in  very  warm  weather 

ft 

the  oiled  silk  flaps  often  adhere  to  the  generator.  To  prevent  this,  the  crank  should 
frequently  be  turned  a  few  times  and  the  machine  should  be  kept  in  a  cool  place;  or, 
better  still,  the  oiled  silk  should  be  replaced  with  some  not  oiled.  It  is  well  to  use  a 
return  wire,  thus  avoiding  an  earth  circuit  which  largely  reduces  the  spark,  beside 
aggravating  the  effect  of  small  leaks  in  the  leading  wires. 

The  instrument  is  contained  in  a  stout  wooden  box  14  by  14  by  7  inches,  the 
ljro.23 33 
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ing  26  pounds.  The  essential  parts  are  contained  in  a  cylindrical 
!  inches  in  diameter  and  2  inches  deep,  from  which  dampness  is 
tout  band  of  vulcanized  rubber,  6  inches  wide,  overlapping  the  edges 
mly  by  two  iron  plates,  of  which  tlie  lower  one  is  penuan^itly  screwed 
f  the  wooden  box.  The  crank  passes  through  a  stuffing  box  in  the  top 
lox,  thus,  in  combination  with  the  rubber  band,  entirely  excluding  damp 
jaratus. 

ator  coDsists  of  a  disc  of  ebonite,  10  inches  in  diameter,  which  a 
rank  between  two  rubbers,  consisting  of  straps  faced  with  flannel  and 
led  silk,  the  latter  extending  into  flaps  to  confine  the  negative  charge 
rhe  rubbers  are  coated  with  mosaic  gold,  and  are  pressed  by  back 
the  plate.  The  negative  charge  is  collected,  inductively,  from  the 
by  two  brass  serrated  plates  connecting  with  one  coating  of  the  oon- 
m  rod,  tlie  other  coating  being  connected  with  the  rubbers  by  a  second 
,t  90°  from  the  former. 

nser  consists  of  four  tinfoil  discs,  8  inches  in  diameter  and  united  twd 
;  a  capacity  of  about  0.0022  microfarads,  or  seven  fames  that  of  the 
ler.  These  discs  are  embedded  in  ebonite,  being  inserted  when  the 
oft  state  and  vulcanized  in  position.  All  dampness  is  thus  perfectly 
jectiona  from  these  discs  extend  to  the  circumference  of  the  ebonite  in 
two  companion  discs  only  appearing  together.  Four  brass  rods  passing 
3rojectionB,  supply  two  terminals  to  each  set  of  plates.  Two  of  these 
stated,  serve  to  connect  the  generating  apparatus  with  the  condenser, 
ire  used  to  send  the  charge  through  tlie  fuze  when  desired. 

— ^'cment  of  the  firing  key  is  exceedingly  convenient    The  condensw  is 

firmly  united  by  the  four  terminal  rods,  with  others,  to  a  top  plate  bo  placed  as  to  aHoW 
room  for  the  generating  plate  to  revolve  between  the  two.  The  whole  essential  appa- 
ratus thus  remains  pivoted  and  movable  within  the  outer  cylindrical  box.  Turning 
the  crank  to  the  right  moves  the  inside  work  by  friction,  until  it  is  stopped  by  an 
insulated  pin ;  continuing  the  motion  of  the  crank  then  chfu-ges  the  condenser.  When 
a  sufficient  charge  .is  accumulated,  a  backward  motion  of  the  crank  moves  by  friction 
the  inside  work  back  45°,  when  the  second  set  of  condenser  terminals,  mentioned 
above,  are  brought  simultaneously  in  contact  witli  two  binding  screws  to  which  the 
leading  wires  are  attached,  thus  sending  the  charge  through  the  fiizei 

Directions  for  using  Smith's  frictional  battery  are  usually  pasted  inside  the  cover; 
but  the  following  are  the  essential  points :  Never  attach  the  leading  wires  to  the  term- 
inals  until  everything  is  ready  for  the  explosion.  First  move  the  crank  to  the  right 
until  the  friction  of  the  rubbers- begins  to  be  felt;  attach  the  leading  wires;  revolve 
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the  crank  to  the  right,  slowly  and  steadily,  the  requisite  number  of  times  to  give  the 
proper  length  of  spark  for  the  number  of  fuzes  in  circuit ;  to  fire,  rapidly  but  gently 
reverse  the  motion  until  the  rods  strike  the  discharging  terminals. 

The  number  of  turns  which  may  safely  bfe  given  to  the  crank  varies  from  thirty 
to  fifty,  according  to  the  condition  of  the  machine.  The  number  required  to  give  a 
spark  2.5  inches  long  should  not  usually  be  exceeded.  The  following  tests  are  extracted 
from  the  records  at  Willets  Point.  The  first  nine  columns  refer  to  a  battery  made  by 
the  Oriental  Powder  Company  in  1870.  It  was  freshly  cleaned  early  in  May,  1871 ; 
and,  although  constantly  uisbed  in  a  row-boat,  it  remained  unopened  during  the  season. 
The  last  column  exhibits  tests  of  a  battery  supplied  by  Mr.  George  E.  Lincoln  in 
1872,  the  best  of  these  instruments  which  I  have  ever  seen.  The  sparks  were  all 
Ineasured  between  points  on  a  universal  discharger. 


•' 
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To  clean  and  re-coat  the  rubbers,  open  the  apparatus  in  a  dry  room.  Scrape  off 
the  old  wax.  Wash  off  with  alcohol  any  mosaic  gold  which  may  adhere  to  the  platci 
and  dry  thoroughly.  Warm  a  spatula,  touch  it  to  clean  beeswax,  and  apply  a  thin 
coat  to  the  rubbers.  Sift  over  it  some  finely  powdered  mosaic  gold.  Apply  a  flat- 
iron  hot  enough  to  soften  but  not  melt  the  wax.  Rub  the  rubbers  together  until 
they  look  like  bright  mosaic  gold,  and  then  shake  off  all  loose  powder.  Thoroughly 
\  warm  and  dry  all  the  inside  work,  and  put  the  instrument  together.  Be  careful  never 
to  touch  the  rubbers  or  plate  with  the  fingers. 

Another  method  of  re-coating  the  rubbers  is  the  following :  Thoroughly  warm  the 
cushions  and  mosaic  gold ;  heat  the  spatula  sufficiently  to  melt  the  beeswax,  and  thus 
apply  a  thin  fluid  coat ;  dust  the  mosaic  gold  rapidly  over  it  until  no  more  can  be 
absorbed;  lastly,  apply  a  cold  flat-iron,  and,  after  a  smooth  surface  is  obtained,  shake 
off  any  loose  dust. 

■ow1iray*B  Powder  Keg  Battery.— This  instrument  was  patented  in  1874.  Mr.  Mow- 
bray's  ideas  were  to  reduce  the  danger  of  perforating  the  condenser,  by  increasing  the 
inductive  capacity ;  and  to  employ  a  cylindrical  instead  of  a  flat  generating  disc,  in 
order  to  securb  a  larger  supply  of  electricity  firom  a  given  number  of  turns.     To  gain 
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,ges  he  was  willing^  to  sacrifice,  in  some  degree,  the  remarkable  insula- 
by  Smith. 

rument  is  contuned  in  a  strong  chest  19  by  14  by  13  inches,  the  whole 
weighing  42  pounds.  For  use,  the  apparatus  is  removed  &om  the  chest,  presenting 
the  appearance  of  a  powder  keg  handsomely  varnished,  and  weighing  1 8  pounds.  At 
one  end  the  crank  is  inserted ;  and  at  the  other,  the  leading  wires  are  loosely  thrust 
about  an  inch  into  holes  in  a  couple  of  firing  plugs.  Temporarily  fitted  into  these 
holes  are  two  wires  connectiDg  with  a  convenient  sliding  apparatus  for  testing  the 
length  of  spark.  The  capacity  of  the  condenser  is  0.0036  microfarads,  or  1.65  times 
that  of  Smith's.  The  length  of  spark  with  sixty  turns  of  the  machine,  in  good  order, 
is  about  1  inch,  corresponding  in  quantity  to  one  of  about  1.7  inches  from  Smith's 
battery.  Mowbray's  apparatus  is,  therefore,  decidedly  inferior  in  power;  but,  the 
potential  being  lower,  an  equal  charge  is  somewhat  less  likely  to  escape  through  leaks 
in  the  leading  wires. 

The  generator  consists  of  an  ebonite  cylinder,  11  inches  long  and  6.25  inches  in 
diameter,  revolving  in  contact  with  a  rubber  formed  of  soft  elastic  felt,  8  inches  long 
and  5  inches  wide,  backed  with  hair.  This  rubber  is  two-thirds  covered  with  oiled 
silk  coated  with  mosaic  gold,  the  remaining  third  being  left  with  a  clean  felt  surface 
to  brush  any  adherent  mosaic  gold  from  the  cylinder  as  it  revolves  past  it  The  oiled 
silk  extends  into  a  flap,  as  usual,  to  prevent  the  dissipation  of  the  charge  from  the  cyl- 
inder. The  collector  is  a  movable  rod  studded  with  points,  serving  also  as  a  stop  to 
limit  the  revolution  of  the  open  case  containing  the  generator ;  which,  as  in  Smith's 
machine,  is  moved  forward  about  60°,  to  prepare  to  charge  the  condenser,  and  back- 
ward a  like  amount  to  send  the  spark  through  the  fuze,  thus  dispensing  with  a  sepa- 
rate firing  key. 

The  condenser  consists  of  two  thin  plates  of  ebonite,  with  tin-foil  attached  to  their 
opposite  sides.  They  are  placed  loosely  around  the  case  enclosing  the  generator, 
between  it  and  the  wooden  keg,  being  held  in  position  by  a  band  of  thin  rubber.  In 
order  to  take  up  moisture,  a  padding  of  fiannel,  containing  a  mixture  of  quicklime  and 
mica  scales,  is  placed  between  the  condenser  and  the  middle  part  of  the  keg. 

In  fine,  the  instrument  is  more  unwieldy,  less  powerful,  less  perfectly  protected 
against  dampness,  and  far  more  difGcult  to  open  and  clean  than  Smith's.  The  arrange- 
ments for  attaching  the  leading  wires  are  defective ;  both  because  the  latter  are  liable 
to  work  out  when  charging  the  condenser,  and  because,  as  experience  has  shown, 
they  may  break  off  in  the  firing  plugs,  leaving  an  end  which  obstructs  the  hole  and  is 
difficult  to  remove.  On  the  other  hand,  the  condenser  is  less  liable  to  perforation;  the 
spark  has  a  less  tendency  to  escape  from  the  leading  wires;  the  mosaic  gold  and  flaps 
do  not  so  readily  adhere  to  the  generator;  and,  lastly,  the  testing  of  the  instrument 
ia  more  convenient 
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Bornhardt'B  Friottonal  Haehina— This  machine  is  largely  employed  in  France  for 
electrical  blasting,  being  favored  by  the  Soci^t^  G^n^rale  pour  la  Fabrication  de  la 
Dynamite  for  use  with  their  explosives.  Two  sizes  are  made,  of  which  the  larger  may 
be  described  as  follows : 

The  machine  is  contained  in  a  wooden  case,  21  inches  long  by  11  inches  wide  by 
16  inches  high,  the  whole  weighing  42  pounds.  One  end  has  a  hinged  cover,  which, 
when  opened,  exposes  a  shallow  compartment  containing  the  terminals,  the  firing  key, 
and  the  testing  scale.  The  latter  consists  of  16  copper-headed  tacks,  driven  on  a 
straight  line  7  inches  long,  leaving  15  small  intervals  aggregating  about  1.4  inches  in 
length.  Chains  are  provided  for  connecting  the  end  tacks  with  the  terminals.  The 
number  of  turns  required  to  generate  a  spark  that  will  traverse  the  tack  heads  is  the 
gauge  of  the  condition  of  the  instrument.  From  twelve  to  sixteen  turns  are  stated  by 
the  inventor  to  be  the  usual  number,  but  even  twenty-five  are  admissible. 

The  top  of  the  box  is  secured  by  ten  screw  bolts.  When  removed  it  exhibits  an 
iron  case  filling  the  entire  cavity,  and  closed  by  a  flat  ebonite  cover  which  is  held 
closely  in  contact  by  six  steel  springs  compressing  an  elastic  cushion. 

The  generator  consists  of  two  circular  ebonite  discs,  3  inches  apart,  each  llj^ 
inches  in  diameter  and  rigidly  attached  to  the  common  axis.  Revolution  is  given  by 
a  crank  on  the  outside  of  the  box,  one  turn  of  the  crank  being  multiplied  by  gearing 
to  give  three  and  a  quarter  turns  of  the  discs. 

The  rubbers  each  consist  of  a  strip  of  cat  skin,  4  by  2j^  inches  in  size,  wrapped 
over  the  edge  of  the  disc  and  pressed  against  it  by  two  steel  springs  with  large 
washers.  These  springs  are  in  contact  with  the  metal  of  the  inner  box,  and  thus  place 
both  of  the  rubbers  in  metallic  connection  with  the  outer  coating  of  the  condenser 
and  with  the  lower  external  terminal. 

The  collectors  for  each  disc  consist  of  two  tin-foil  rings  armed  with  the  usual 
points  and  held  near  the  edges  by  a  wooden  frame.  This  frame  rises  from  two  pint 
bottles*  to  the  corks  of  which  it  is  attached.  These  bottles  are  coated  with  tin-foil, 
and  together  they  constitute  the  condenser  of  the  machine,  having  a  capacity  of  0.0010 
microfarads.  The  inner  coating  is  c-onnected  with  the  collectors  by  spiral  springs  and 
a  tin-foil  circuit  carried  inside  the  wooden  frame  to  secure  insulation.  The  outer 
coating  is  placed  in  electrical  contact  with  the  iron  case  by  metallic  clasps,  which  hold 
the  bottles  in  position. 

The  discharging  key  is  a  brass  rod  with  an  outer  ebonite  head.  When  pressed 
it  moves  an  ebonite  rod  8  inches  long,  so  as  to  close  the  circuit  between  the  inner 
coating  of  the  jars  and  the  upper  external  terminal.  This  is  effected  by  an  insulated 
brass  ball  can-ied  on  the  end  of  the  rod  and  connected  with  the  terminal  by  a  spiral 
brass  spring.    To  prevent  escape,  this  terminal  is  protected  by  two  circular  ebonite 
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plates,  6  inches  tn  diameter,  one  inside  and  one  outside  the  metallic  case.  They  are 
connected  by  an  ebonite  tube  through  which  the  metallic  circuit  is  carried. 

To  absorb  moisture,  two  wooden  boxes,  each  12  by  3J  by  1^  inches,  packed 
with  charcoal  and  covered  by  paper,  are  inserted'  near  the  rubbers.  - 

To  use  the  machine,  the  testing  scale  is  connected  with  the  terminals  by  its  chuns, 
and  the  number  of  turns  required  to  cause  the  spark  to  jump  along  the  tack  heads  is 
found  by  trial.  The  chains  are  then  replaced  by  the  leading  wires,  and  a  similar 
charge  is  sent  through  the  external  circuit 

Ti.e  following  teat  was  made  between  points  on  a  universal  discharger,  when  the 
instrument  was  first  received  from  France  in  February,  ltS8I. 

To  give  ft  spftik  i  inch  long  reqalred  I)  tnma  of  craak. 
To  gtveaspATk  1  inch  long  required  4  torus  of  onnk. 
,  To  give  •  apATk  H  inches  long  required  7  tiuns  of  cniik. 
To  give  ft  ipftfk  i  inohes  long  required  9  tnnu  of  CTftnk. 
To  give  ft  qiftrk  Sf  ioolies  long  required  14   tains  of  crank. 

The  scale  test  required  only  three  turns  of  the  crank,  showing  that  the  instru- 
ment wds  in  unusually  good  order. 

The  marked  merits  of  this  machine  are:  The  crank  gearing,  by  which  the  tame 
and  labor  of  changing  the  jar  are  reduced  about  two-thirds;  the  cat-skin  rubbers, 
which  seem  to  be  effective,  and  little  liable  to  deterioration;  and  the  great  &cility 
afforded  for  cleaning  and  drying  the  working  parts.  The  demerits,  as  compared  with 
the  Smith  battery,  are  the  bulk  and  weight  of  the  box ;  the  inferior  condensers,  which 
have  only  half  of  the  capacity  and  are  more  exposed  to  mechanical  injuries ;  the  less 
convenient  arrangements  for  firing ;  and  the  less  perfect  precautions  for  excluding 
damp  air  from  the  interior.  With  poorly  insulated  leading  wires,  and  especially  for 
use  in  damp  headings,  the  American  machine  is  the  better  of  the  two. 

VOLTAIC  mVCma  APPAKATVa 

This  class  of  igniting  apparatus  is  based  upon  what  are  known  as  the  laws  gov- 
erning the  inductive  action  of  electrical  currents  upon  neighboring  conductors.  These 
laws  may  be  briefly  stated  as  follows : 

A  current  beginning,  increasing,  or  approaching  induces  in  a  neighboring  con- 
ductor parallel  to  it  an  instantaneous  current,  or  rather,  wave,  moving  in  a  direction 
the  reverse  of  its  own :  and  ceasing,  diminishing,  or  receding,  it  in  like  manner  induces 
an  instantaneous  wave  moving  in  its  own  direction.  These  effects  are  produced 
whether  the  primary  current  be  continuous,  like  that  of  a  voltaic  battery,  or  instanta- 
neous, like  a  frictional  spark. 

The  stronger  and  the  more  sudden  the  changes  in  the  primitive  current  the 
greater  is  the  strength  of  the  induced  wave.  An  unchanging  current  fixed  in  position 
in  respect  to  a  neighboring  conductor  does  not  disturb  its  electrical  equilibrium. 
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If  the  primary  conductor  be  thrown  into  a  coil  and  the  secondary  conductor 
envelop  it,  these  effects  are  intensified ;  and  they  may  be  still  further  increased  by 
enclosing  a  soft  iron  core  within  the  helices. 

The  properties  of  the  induced  current  may  be  varied  by  varying  the  length  and 
kind  of  wire  constituting  the  secondaiy  circuit  Thus,  if  this  be  short  and  stout, 
low  potential  and  large  volume  will  result ;  if  long  and  fine,  high  potential  and  small 
volume  will  be  obtained.  The  latter  effects  may  be  made  to  resemble  the  former  by 
attaching  the  opposed  plates  of  a  suitable  condenser  to  the  terminals  of  the  secondary 
wire  where  the  sparks  appear. 

If  the  primary  coil  be  used  without  an  enveloping  secondary,  the  mutual  action 
of  the  convolutions  upon  each  other  will  induce  a  similar  phenomenon,  which  has 
received  the  name  of  the  extra  current.  This  current  is  inverse  in  direction  to  the 
primary  when  the  battery  circuit  is  closed,  and  direct  when  it  is  opened.  In  the  first 
case  it  reduces,  and  in  the  second  case  it  augments,  the  strength  of  current  flowing  in 
the  conductor.  With  a  strong  battery  and  a  compact  helix  containing  many  convolu- 
tions, the  extra  current  becomes  a  powerful  wave,  capable  of'  producing  astonishing 
effects  of  quantity;  but  its  potential  is  always  low  as  compared  with  that  of  the  cur^ 
rent  which  would  be  induced  in  an  ordinary  secondary  circuit. 

Although  various  forms  of  igniting  apparatus,  based  upon  the  principles  of  voltaic 
induction,  and  usually  reinforced  by  magnetic  cores,  have  been  proposed — ^the  first 
by  Colonel  Verdu,  in  1853 — ^none  of  them  have  yet  been  made  so  portable  and  well 
insulated  as  to  be  suited  for  the  field.  .  For  a  torpedo  casemate,  however,  the  condi- 
tions are  not  so  difiicult  to  fulfil ;  and,  as  the  class  possesses  certain  incontestable 
merits,  it  has  been  experimentally  studied  with  some  care  at  Willets  Point 

Difficulties  have  arisen,  from  the  well-known  absorption  and  temporary  retention 
of  large  charges  by  submerged  cables,  and  from  troublesome  currents  induced  in 
neighboring  cores,  which  sometimes  endanger  their  mines;  but  a  fair  measure  of 
success  has  been  reached,  which  renders  it  possible,  if  desired,  to  ignite  at  will  mines 
operated  upon  an  open  circuit     Three  distinct  kinds  of  apparatus  have  been  con- 

« 

structed,  and  they  will  be  described  in  turn. 

The  Extra  Onrrent  CoiL— Baron  von  Ebner  made  use  of  this  principle  for  firing  the 
mines  of  his  system,  as  exhibited  at  the  Paris  Exposition  in  1867 ;  but  the  details  of 
his  apparatus  have  not  been  fully  made  known. 

The  instrument  devised  in  1872  for  trial  at  Willets  Point  consisted  of  one  statute 
mile  of  copper  wire,  No.  12^  B.  W.  G.,  insulated  with  cotton  and  coiled  around  a 
bundle  of  iron  wires.  Its  resistance  was  8  ohms.  By  a  mercury  key  the  firing  battery, 
composed  of  100  large  cells  of  a  zinc  coke  variety  of  the  Smee  battery^  was  caused  to 
send  a  current  through  this  coil  at  will.  A  shunt  circuit  passing  from  one  pole  of  the 
battery  through  the  cable  and  fuze  and  returning  through  the  earth  to  the  other  pole 
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i  fuze  prepared  for  this  use  belonged  to  the  high  tension  class,  and 
isietance  that  the  direct  current  even  of  this  large  battery  failed  to 
tly  to  cause  explosion  ;  but  when  the  coil  circuit  was  closed  and 
Y  the  key,  a  great  wave  of  electricity  was  shunted  into  the  cable, 
ictro-modve  force  to  break  down  this  resistance  and  fire  the  mine. 
developed  immense  quantity.  The  shock  sent  from  one  side  of  a 
',  produced  a  numbness  of  the  whole  hand  which  lasted  many 
it  through  the  body  its  effects  would  probably  .have  been  serious, 
fuzes  which  could  not  be  exploded  by  a  direct  current,  the 
trusted  to  fire  a  torpedo  through  a  submerged  cable  at  a  distance 
e  quantity  of  the  wave  was  so  great  that  from  twenty  to  thirty 
lerived  circuit  could  be  exploded  simultaneously,  or  nearly  so,  at 

fere  regarded  as  satisfactory;  but  when  the  progress  of  the  investi- 
that  a  small  break  between  the  cable  and  the  high-tension  fuze 
lard  against  accidental  explosions  due  to  currents  induced  in 
y  the  firing  of  one  mine,  the  apparatus  had  to  be  given  up.  This 
ot  be  passed  by  the  extra  current  wave,  and  no  means  of  increasing 
intly  to  overcome  the  difficulty  was  discovered 
CoiL— Since  the  tendency  to  aggravate  small  faults  in  the  cable 
i\y  with  the  potential  of  the  electrical  charge,  it  is  important  in 
to  limit  this  element  to  the  lowest  possible  point  consistent  with 
Efforts  were  accordingly  directed  to  preparing  a  special  appa- 
secondary  wire  should  be  shorter  and  of  coarser  gauge  than  is 
)g  a  spark  of  large  quantity  and  of  low  potential. 
t,  completed  in  December,  1873,  was  constructed  like  an  ordinary 
1  a  mechanical  break  circuit  arrangement.  The  primary  coil 
ms  of  insulated  copper  wire,  No.  10  B.  W.  G.,  wrapped  around  a 
i  secondary  coil  contained  82  ohms  oi  insulated  copper  wire,  No. 

sen  cells,  coupled  in  three  series  of  three  cells  each,  this  apparatus 
gave  a  spark  about  one-fourth  of  an  inch  long  and  characterized  by  great  quantity ; 
but  experiment  indicated  that  even  with  this  inconveniently  large  battery  it  lacked 
power  to  be  certainly  effective  through  a  submerged  cable  at  a  range  of  one  mile, 
when  the  fuze  was  protected  by  a  break.  Attention  was  accordingly  directed  to  a 
different  method. 

ServiM  Ittduetion  CaiL — After  a  series  of  tests,  terminating  in  1874,  a  small  induction 
coil  14  by  6  by  7  inches  high,  and  weighing  18  pounds,  was  adopted.  The  primary 
wii-e  is  of  No.  14  B.  W.  G.,  having  a  resistance  of  about  0.1  ohm.     The  secondary  ia 
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of  No,  35  B.  W.  G ,  with  a  resistance  of  about  2,800  ohms.  The  break  is  of  a  simple 
automatic  kind,  and  a  current  of  about  4.5  webers  is  required  to  give  a  continuous 
stream  of  sparks  an  inch  and  a  quarter  in  length.  Two  lai*ge  Grenet  cells  coupled  in 
series  are  well  suited  for  supplying  this  current.  Between  the  terminals  of  the 
secondary  wire  is  connected  a  small  6-inch  condenser;  made  like  those  of  Smith's 
frictional  machine,  having  a  capacity  of  0.0006  microfarads.  Its  effect  is  greatly  to 
increase  the  density  of  the  sparks  at  the  expense  of  their  length,  which  now  becomes 
about  half  an  inch,  but  it  does  not  sensibly  lessen  their  rapid  sequence.  One  of  the 
secondary  current  terminals  is  put  to  earth,  and  the  other  to  the  cable  leading  to  the 
mine.  On  closing  the  primary  circuit,  a  torrent  of  powerful  sparks  passes  into  the 
cable  to  ignite  the  tension  fuze  placed  in  the  mine  for  the  purpose.  With  a  well 
insulated  conductor,  the  machine  is  effective  at  a  range,  under  water,  somewhat 
exceeding  a  mile. 

This  apparatus  proved  to  be  sei'viceable  and  convenient  for  mines  operated  upon 
an  open  circuit  The  conductor  in  the  fuze  can  is  provided  with  two  circuits  to 
earth — one  through  a  low-tension  fuze  and  the  circuit  closer,  for  automatic  firing  when 
the  torpedo  is  struck  by  an  enemy,  and  the  other  through  a  f^o'^^^^  break  and  a 
medium-tension  fuze  for  judgment  firing.  For  the  latter  purpose  a  convenient  double 
switch  key  is  provided,  which  in  one  position  closes  the  primary  circuit,  and  in 
another  applies  the  ordinary  firing  battery  to  the  cable— thus  igniting  the  mine  at  will 
whether  the  circuit  at  the  torpedo  be  opened  or  closed. 

KAOITETO-ELECTBIC  APPABATUS. 

Magneto-electricity,  i.  c,  electricity  generated  by  magnetism,  has  of  late  years 
received  much  attention;  and  so  great  improvements  have  been  introduced  in  the 
apparatus  that,  for  certain  classes  of  practical  applications,  it  bids  fair  to  supersede 
the  voltaic  cell.  Through  its  agency  mechanical  energy  may  be  transformed  into 
electricity  of  almost  any  desired  potential  and  quantity. 

The  fundamental  principle  upon  which  this  mode  of  generating  electricity  depends, 
is  identical  with  the  voltaic  induction  just  described.  Indeed,  according  to  the  accepted 
theory,  the  phenomenon  of  magnetism  is  due  to  a  series  of  electrical  currents,  circu- 
lating around  the  molecules  in  a  common  direction ;  and  the  resultant  of  the  effects 
of  such  a  system  is  equivalent  to  that  of  a  single  current  circulating  round  the  exterior 
of  the  magnet.  Facing  the  north  seeking  pole,  the  direction  of  this  resultant  current 
is  contrary  to  that  of  the  hands  of  a  watch ;  facing  the  south  seeking  pole,  it  accords 
with  their  direction. 

Adopting  this  theory,  let  the  north  seeking  pole  of  a  magnet  be  inserted  by  suc- 
cessive movements  into  a  continuous  ring  of  wire.  According  to  the  laws  of  voltaic 
induction,  above  stated,  an  instantaneous  current  of  electricity  will  be  induced  in  the 
ring  at  every  motion,  their  direction  when  looked  at  from  the  side  on  which  the  magnet 
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18  inserted  being  the  reverse  of  that  of  the  hands  of  a  wateh.  Withdrawing  the  magnet 
in  the  same  manner,  instantaneous  currents  will  be  excited  in  the  same  direction  a« 
that  of  the  hands  of  a  watch.    . 

If  the  south  seeking  pole  be  approached  to  or  withdrawn  from  the  ring,  mmilar 
currents,  but  reversed  in  direction,  will  be  induced. 

If  now  the  single  ring  be  replaced  by  a  spiral  coil  and  the  magnet  be  moved  as 
before,  the  currents  induced  will  be  characterized  by  higher  potential,  their  direction 
being  the  same  as  before. 

If,  instead  of  moving  the  magnet,  a  piece  of  soft  (unmagnetized)  iron  be  perma- 
nently inserted  in  the  spiral,  and  by  rapid  contacts  with  the  pole  of  a  magnet  be  suc- 
cessively magnetized  and  demagnetized,  instantaneous  electrical  carrents  will  circulate 
as  before. 

If  the  poles  of  a  permanent  magnet  be  extended  by  soft  iron  rods  aniroanded  by 
helices  of  wire,  and  the  armature  be  applied  or  withdrawn  suddenly,  carrents  in  these 
helices  will  be  developed  by  the  resnlting  change  in  the  locns  of  maximum  mi^etie 
intensity. 

Upon  these  fundamental  principles  are  based  all  the  varieties  of  m^neto-electric 
apparatus,  their  differences  consisting  simply  in  different  mechanical  devices  for 
effecting  magnetic  changes  within  or  near  a  coil  of  insulated  wire. 

If  currents  of  high  potential  are  desired,  the  coils  are  made  of  fine  wire;  while 
if  large  quantity  is  needed,  coarse  wire  is  used.  In  either  case  it  mast  not  be  (or- 
gotten  that  the  duration  of  the  current  is  wery  short ;  and  that,  if  a  continuous  succea- 
siou  of  waves  approximating  to  a  continuous  current  be  desired,  a  very  rapid  snccession 
of  contacts  and  breaks  must  be  provided.  The  current  will  then  consist  of  a  succes- 
sion of  waves  in  opposite  directions — which,  however,  by  the  md  of  what  is  called  a 
commutator  may,  if  desired,  be  caused  to  coincide  in  direction.  Thus  modified,  mag- 
neto-electric curi'ents  become  very  similar  in  their  effects  to  those  obtained  &om  a 
voltaic  battery. 

The  electricity  generated  by  magneto-electric  machines  has  a  lower  potentisl 
than  that  given  by  frictionfd  and  voltmc  induction  apparatus ;  indeed,  it  more  nearly 
resembles,  both  in  potential  and  in  quantity,  the  voltaic  current  from  many  cells 
coupled  in  series.  It  is  therefore  less  liable  to  escape  through  defects  of  insalatdon 
in  tlie  leading  wires  than  that  obtmned  from  the  machines  already  described ;  but,  on 
the  other  hand,  it  exacts  more  attention  to  guard  agtunst  small  breaks  in  the  contioaity 
of  the  circuit. 

Magneto-electric  machines  may  be  classified  according  to  the  form  in  which  the 
force  is  utilized.  Thus,  in  the  progress  of  invention,  instruments  were  made  which 
acted  (1)  by  a  single  wave;  (2)  by  a  succession  of  waves  alternating  in  direction; 
(3)  by  a  current  more  or  less  unvarying.    It  may  be  added,  that  by  the  device  called 
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a  commutator/  an  alternating  current  may  always  be  transformed  into  one  pulsating 
in  a  single  direction,  thus  transferring  the  instrument  from* class  (2)  to  class  (3). 

The  following  tabular  classification,  based  on  the  foregoing  analysis,  exhibits  the 
magneto-eleetric  igniting  machines  in  most  common  use: 

'  Breguet. 
.  I.  Acting  by  single  electric  wave.  <  Jiirgensen. 

[  Marcus. 
II.  Acting  by  a  succession  of  waves  (  Wheatstone. 

alternating  in  direction.  \  Beardslee. 

f  Class  II,  with  com- 
IIL  Acting  by  a  continuous  current  }     mutators  added. 

[  Gramme. 
It  may  be  remarked,  in  general  terms,  that  Classes  I  and  II  require  medium  ten- 
sion and  Class  III  low  tension  fuzes ;  but  each  kind  of  instrument,  as  a  rule,  has 
peculiarities  which  render  it  important  to  select  its  fuze  with  judgment.     High-tension 
fuzes  can  hardly  be  used  with  any  variety. 

In  order  to  convey  a  fair  idea  of  the  relative  power  and  convenience  of  these 
several  machiniBs  for  different  classes  of  practical  work,  the  following  description  of 
them  is  added.  It  will  enable  the  officer  to  select  the  one  best  suited  to  his  needs  in 
any  special  case.  The  dimensions  refer  to  sample  instruments  belonging  to  the  School 
of  Submarine  Mining  at  Willets  Point,  and  are  the  results  of  careful  measurements. 
The  plates  are  designed  to  explain  the  electrical  principles,  not  the  mechanical  details 
of  the  apparatus. 

Ibe  Bxegnet  IhoUiis.— This  instrument  (Plate  XXIII,  Fig.  1)  consists  of  a  horseshoe- 
magnet,  the  poles  of  which,  prolonged  with  soft  iron,  constitute  the  cores  of  two  induc- 
tion coils  of  very  fine  insulated  wire,  having  a  resistance  of  9,400  ohms.  A  soft  iron 
armature  in  contact  with  the  ends  of  these  cores  is  attached  by  a  brass  plate  to  a  lever 
extending  outside  the  case.  This  lever  is  so  pivoted  on  a  horizontal  axis  that  a  smart 
blow  will  separate  the  armature  suddenly  from  the  poles,  and  thus  cause  a  cuiTcnt, 
induced  by  the  change  in  the  locus  of  magnetic  polarity,  to  circulate  through  the 
coils.  This  current  is  greatly  intensified  by  an  extra  spark  caused  by  the  following 
ingenious  device :  The  coils  are  united  in  series,  and  the  circuit  is  extended  to  two 
terminal  posts  outside  the  case.  Another  circuit,  forming  a  shunt  between  the  coils 
and  the  terminal  posts,  consists  in  part  of  a  spring  attached  to  the  lever  and  moving 
with  it  After  moving  a  certain  distance,  this  spring  breaks  the  shunt  circuit,  thus 
producing  a  strong  extra  spark  by  the  interruption  of  the  current  at  its  maximum.  It 
Is  chiefly  this  spark  which  passes  through  the  exterior  circuit  and  fires  the  fuzes. 

The  instrument  is  encased  in  a  neat  box  18  by  7  by  6  inches  high,  the  whole 
weighing  21  pounds.     A  sliding  key  blocks  the  lever  when  not   in  use,  and  thus 
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guards  against  a^cidenta  from  careless  baadling.  A  switch  and  five  posts  on  the 
cover  allow  any  one  of  five  torpedoes  to  be  fired  at  will 

A  tension  fuze  posaesaing  a  decided  conductivity,  like  those  of  Abel  or  von 
Ebner,  is  required  with  this  machine ;  and  to  efiect  simultaneous  explosions  it  is  well 
to  select  fuzes  nearly  alike  in  this  respect  This  may  be  done  by  noting  the  deflec- 
tions of  a  delicate  galvanometer  included  with  the  fiize  in  the  circuit  of  a  small  bat- 
tery. Of  course,  fuzes  must  be  coupled  in  series  with  this  class  of  machines,  but 
where  more  than  one  fuze  is  used  some  other  class  should  be  selected. 

Sweden  at  one  time  adopted  the  Breguet  apparatus  for  naval  uses,  but  ultimately 
decided  it  to  be  deficient  in  quantity — especially  for  submerged  cables,  in  which  elec- 
trification largely  reduces  the  volume  of  the  spark.  It  is  stated  that  on  a  land  line, 
in  1869,  a  fuze  was  fired  at  a  distance  of  300  miles  by  this  machine. 

It  is  not  easy  to  establish  a  standard  by  which  to  compare  different  kinds  of 
igniting  apparatus  acting  by  a  single  wave,  for  the  reason  that  the  instruments  differ 
both  in  the  quantity  and  the  potential  of  the  charge ;  and  the  latter  element  passes 
from  zero  through  an  unknown  maximum  back  to  zero  in  a  time  immeasurably  short 
If,  however,  fuzes  having  a  suitable  conductivity  are  to  be  employed,  an  approximate 
idea  of  the  relative  power  of  two  machines  may  be  derived  trom  a  galvanometer 
measurement  based  upon  the  following  principles : 

If  the  currents  to  be  compared  be  instantaneous,  and  the  needle  be  so  heavy  as 
not  to  move  sensibly  during  the  passage  of  the  waves  through  the  coils,  the  observed 
swings  of  the  needle  may  be  regarded  as  the  effect  of  blows. 

In  this  case  the  mechanical  work  is  proportional  to  the  versine  of  the  angle  of 

swing  (a),  t.  e,  to  2  sin^  -.    The  electrical  work  is  measured  by  the  product  C*  R  T; 

in  which  C  denotes  the  strength  of  current,  R  the  resistance  of  the  circuit,  and  T  the 
time.     Hence,  for  two  currents  through  the  same  circuit : 

sin^VT; 

(68)  C,  =  C„  = 

ain^Vr; 

Now  if  a  known  wave  (C„),  of  such  a  nature  that  the  ratio  between  the  square 
roots  of  the  two  times  may  be  assumed  to  be  unity,  be  -sent  through  a  galvanometer, 
and  its  swing  (a„)  be  noted,  and  a  like  observation  be  made  with  the  machine  to  be 
tested  (giving  a,),  this  formula  will  furnish  an  approximate  measure  of  the  power  of 
the  latter  in  known  electrical  units. 

This  method  has  been  applied  to  the  Breguet  apparatus,  using  for  the  standard  a 
known  condenser  charged  by  a  battery  of  known  potential.  The  latter  was  328  volts. 
Two  condensers  were  employed,  the  first  having  a  capacity  of  I.SIO  microfarads 
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and  the  second  2.344  microfarads.  The  galvanometer  was  a  fine  instrument  made  by 
Siemens  Bros.,  of  London,  and  well  suited  to  this  use.  The  mean  results  of  several 
measurements,  differing  but  slightly  among  themselves,  were  the  following : 

The  first  charge      (492  microfarads)  deflected  the  needle    6.0  degrees. 

The  second  charge  (768  microfarads)  deflected  the  needle    9.4  degi'ees. 

The  Breguet  apparatus  deflected  the  needle  17.1  degrees. 

^ence,  by  equation  (rt8)  the  charge  given  by  the  Breguet  machine  was: 

By  first  standard :  C,  =  492  X  a\../o  =1,407  microfarads. 
^  '  0.0523 

By  second  standard :  C,  =  768  X  v/^q      =  1,402  microfarads. 

This  method  is  not  rigidly  exact,  even  in  theory,  but  it  is  the  best  which  has 
suggested  itself  to  me ;  and  this  remarkable  coincidence  in  two  independent  measure- 
ments, indicates  that  these  figures  may  be  not  without  practical  utility  in  comparing 
apparatus  of  this  class. 

The  Jlirgensen  Kaehine.— This  apparatus  (Plate  XXIII,  Fig.  3)  is  identical  with  the 
Marcus  machine  (soon  to  be  described)  in  electrical  principles,  although  differing 
widely  in  mechanical  details.  It  was  adopted  in  the  Danish  naval  service  for  boat 
use,  being  compact  and  portable,  but  it  is  rather  deficient  in  power. 

The  case  is  of  wood,  12  by  6  by  4  inches  in  size,  and  the  whole  weight  is  16 
pounds.  It  contains  a  horizontal  permanent  magnet,  of  which  the  poles,  prolonged  by 
soft  iron,  form  the  cores  of  two  coils  of  fine  copper  wire  having  a  total  resistance  of 
1,170  ohms.  The  two  free  ends  of  these  coils  are  attached  to  terminal  posts  outside 
the  case,  which  are  also  connected  with  the  opposite  coatings  of  a  small  condenser 
having  a  capacity  of  0.0024  microfarads.  A  shunt  circuit  also  connects  the  terminals, 
consisting  in  part  of  a  spring  moving  with  the  armature,  which,  when  the  current 
induced  by  the  magnetic  wave  traversing  the  cores  of  the  coils  is  at  its  maximum, 
breaks  the  shunt,  and  discharges  the  extra  spark  thus  induced,  multiplied  by  the 
condenser,  through  the  fuze. 

The  mechanical  device  for  removing  the  armature  is  the  following :  In  its  nor- 
mal condition  this  armature  is  separated  from  the  core  ends,  being  attached  to  a  hori- 
zontal rod  extending  between  the  bars  of  the  magnet  A  strong  spiral  spring  holds 
the  armature  away  from  the  poles.  A  keeper  to  preserve  the  strength  of  the  magnet, 
18  in  contact  with  the  under  part  of  the  poles  beyond  the  coils.  To  set  the  apparatus 
for  firing,  the  end  of  this  horizontal  rod,  which  projects  beyond  the  case,  is  pressed  in 
until  the  armature  touches  the  cores,  when  the  rod  is  caught  and  held  by  a  latch- 
spring.  This  motion  also  removes  the  keeper  by  a  neat  device.  On  touching  the 
trigger,  the  latch-spring  is  released  and  the  coiled  spring  jerks  off  the  armature,  thus 
inducing  a  magnetic  wave  through  the  cores  which  generates  the  desired  current  in 
the  coils. 
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Like  the  rest  of  its  class,  this  instrument  requires  medium-tenmoD  fuzes ;  and 
they  should  be  coupled  in  series  if  more  than  one  be  used. 

To  determine  the  streng^  of  current  which  the  Jiii^nseu  machine  is  capable  of 
developing,  measurements  were  made  by  the  method  described  for  the  Br^oet 
machine.  While  the  two  condensers  charged  to  a  potential  of  S2S  volts  gave  swings 
of  6  and  9.4  degrees,  respectively,  this  instrument  gave  36  d^rees.  Hence,  by 
equation  (6«): 

C,=492X?^??S=2,906  microfarads. 

0.0o^o 

C,=768X^|9=2,897  microfarads. 

Hence,  the  instantaneous  current  from  this  apparatus  ia  stronger  than  that  of  the 
Breguet  machine  in  the  ratio  ^=2.1  times.  This  result  is  confirmed  by  four  direct 
comparisons  made  in  1875  and  1880,  upon  the  same  galvanometer,  with  its  swing 
regulated  by  a  magnet  placed  near  the  needle.    Thus : 

Breguet,    4.0  degrees ;  Jiirgensen,    9.5  degrees ;  ratio  by  equation  (68),  2.3    times. 
Breguet,    6.2  degrees;  Jiirgensen,  14.5  degrees;  ratio  by  equation  (68),  2.2    times.  - 
Breguet,    8.2  degrees;  JUrgensen,  18.4  degrees;  ratio  by  equation  (68),  2.0    times. 
Breguet,  16.3  degrees;  JUrgensen,  35.3  degrees;  ratio  by  equation  (68),  2.1    times. 

Mean  ratio,  2.15  times. 

The  Ihteiu  Kuhine.— This  instrument,  suggested  by  Baron  von  Ebner,  of  ^e  Aas- 
trian  Engineers,  in  1862,  is  very  compact  and  ingenious,  and  is  said  to  be  adopted  in 
the  land  service  of  Austria  and  Prussia,  and  in  the  French  naval  torpedo  service.  It 
is  5  by  4  by  13  inches  in  size,  and  weighs  20  pounds.     (Plate  XXIII,  Fig.  2.) 

A  large  horsesboe-mi^et  constitutes  two  sides  and  the  bottom  of  the  case. 
The  other  two  sides  are  of  ebonite ;  and  the  top  is  of  bi-ass,  carrying  a  discharging 
key  and  handle  for  setting.  The  latter  forms  the  top  of  a  vertical  shaft  extending 
between  tiie  bars  of  the  magnet  from  top  to  bottom.  Between  the  poles,  it  carries  an 
armature  of  soft  iron  in  shape  like  a  square-headed  spool.  This  spool  is  wound  with 
280  ohms  of  insulated  copper  wire,  No.  26  B.  W.  G.,  of  which  the  ends  are  attached 
to  two  terminal  posts  on  one  of  the  ebonite  sides  of  the  box.  These  posts  are  also 
connected  to  the  opposite  plates  of  a  condenser  having  a  capacity  of  0.017  micro- 
farads. Between  the  terminals  is  also  placed  a  shunt  circuit,  consisting  in  part  of  a 
long  spring  held  in  place  by  a  weight  at  its  lower  end. 

In  its  normal  condition  the  ends  of  the  spool  stand  diagonally  between  the  poles 
of  the  magnet,  the  edges  in  contact  with  them.  To  set  the  instrument  for  firing,  the 
shaft  carrying  the  armature  is  turned  horizontally  through  a  sufficient  angle  to  bring 
the  opposite  edges  of  the  heads  of  the  spool  in  contact  with  the  magnet,  thus  develop- 
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ing  the  force  of  a  strong  steel  mainspring.  On  touching  the  trigger  this  spring 
violently  turns  the  shaft  and  armature  back  to  its  normal  position,  thus  reversing  the 
polarity  of  the  core  of  the  coil  and  generating  a  current  of  electricity  in  the  latter. 
The  inertia  of  the  weight  on  the  spring,  developed  by  the  shock,  breaks  the  shunt 
circuit  and  sends  the  extra  current  thus  induced,  reinforced  and  multiplied  by  the 
condenser,  through  the  exterior  circuit  to  fire  the  fuze. 

This  instrument  requires  a  conducting  tension  fuze,  like  the  Abel  or  von  Ebner ; 
and  if  more  than  one  bemused  they  must  be  united  in  series.  It  is  rather  deficient  in 
power,  especially  where  the  circuit  consists  of  a  submerged  cable ;  but  from  the  size 
of  its  condenser  and  its  reversal  of  the  polarity  it  gives  a  smart  shock. 

An  attempt  failed  to  directly  compare,  by  equation  (68),  the  strength  of  current 
developed  by  this  machine  with  the  discharge  from  the  two  condensers,  because  any 
measurable  swing  from  the  latter  corresponded  to  one  off  the  scale  from  tlie  former 
The  only  method,  therefore,  was  to  use  the  damping  magnet  and  adopt  the  Jiirgensen 
machine  as  a  standard,  which  accomplished  the  desired  result,  since  the  strength  of 
current  of  that  instrument  in  microfarads  had  been  accurately  determined.  The 
following  figures  give  the  results  of  this  comparrison,  which  was  made  in  1875  and 
repeated  in  1 880 : 


Jurgencen,  9.5  degrees ;  Marcus,  29.2  degrees 
Jiirgensen,  14.5  degrees;  Marcus,  50.2  degrees 
Jiirgensen,  18.4  degrees;  Marcus,  60.0  degrees 


ratio  by  equation  (68),  3.0  times, 
ratio  by  equation  (68),  8.3  times, 
ratio  by  equation  (68),  3.1    times. 


Mean  ratio,  3.13  times. 

Hence,  the  discharge  of  the  Marcus  machine  is:  2902X3.13=9,083  microfarads, 
or  about  six  and  a  half  times  more  than  that  of  the  Breguet  machine. 

The  Whaatftone  Exploder.— This  instrument,  which  appeared  about  the  year  1860, 
was  the  earliest  magneto-electric  machine  destined  to  be  extensively  introduced  in 
practical  blasting.  It  was  a  successful  modification  of  apparatus  similar  to  that 
already  described,  and  was  designed  to  replace  the  single  wave  by  a  very  rapid 
succession  of  currents  alternating  in  direction.  These  currents,  thrown  at  will  into 
the  exterior  circuit  containing  the  fuzes,  increased  the  certainty  and  the  possible 
number  of  explosions. 

The  perfected  machine  (Plate  XXIY,  Fig.  1)  consists  of  six  seven-plate  perma- 
nent horseshoe-magnets,  so  disposed  around  a  central  brass  axis,  in  a  stout  case,  as  to 
bring  all  the  poles  upon  the  circumference  of  a  vertical  circle.  To  each  pole  are 
attached  two  soft  iron  rods,  each  wound  with  fine  insulated  wire,  No.  23  B.  W.  Gr. 
The  twenty-four  coils  are  all  united  in  series,  and  the  ends  are  attached  to  exterior, 
terminal  plates.  The  joint  resistance  of  the  interior  circuit  is  8,400  ohms,  or  350 
ohms  to  each  coil. 
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One  of  the  termioal  plates  is  to  be  put  to  earth ;  the  other  carries  sis  movable 
firing  pins.  ^When  a  pin  is  depressed  it  closes  the  circuit  between  the  plate  and  one 
of  six  insulated  binding  posts  designed  to  receive  the  leading  wires  from  a  set  of  mx 
mines.  The  full  speed  of  revolution  can  thus  be  gained  before  closing  the  circuit; 
and  the  desired  charge,  or  group  of  charges,  can  be  exploded  without  endangering 
any  of  its  five  neighbors  and  without  shifting  leading  wires. 

The  variation  in  the  magnetic  strength  of  the  soft  iron  cores,  upou  which  the 
generation  of  the  current  depends,  is  effected  by  revolving  six  soft  iron  armatures 
rigidly  attached  to  separate  shafts  geared  to  a  conunon  central  axis  which  is  moved 
by  a  crank.  One  revolution  of  the  latter  causes  six  revolutions  of  each  armature,  and 
a  high  speed  is  thus  secured. 

The  armatures  revolve  in  close  proximity  to  the  exposed  ends  of  the  rods  forming 
ihe  cores  of  the  coils.  The  four  coils  belonging  to  each  magnet  are  disposed  at  the 
angles  of  a  square,  with  the  shaft  of  the  armature  in  the  middle.  The  width  of  the 
armature  is  such  that  at  the  instant  when  it  leaves  one  core  it  reaches  the  next  The 
winding  is  so  arranged  that  the  current  induced  by  leaving  one  set  of  diagonal  cores 
is  in  the  same  direction  as  that  induced  by  approaching  the  other  diagonal  set.  The 
whole  circuit  is  thus  traversed  by  two  negative  and  two  positive  equal  currents  during 
each  revolution  of  the  armature.  As  the  six  magnets  are  simil^ly  wound,  they  unite 
to  strengthen  these  currents,  of  which  there  are,  of  course,  twenty-four  at  each  revo- 
lution of  the  crank.    Great  uniformity  and  rapidity  is  thus  secured. 

It  is  found,  practically,  in  instruments  of  this  class,  that  better  results  are  obtained 
by  periodically  short  circuiting  the  cores.  Wheatstone  effects  this  by  attaching  one 
terminal  wire  to  the  metallic  axis  of  the  instrument,  and  the  other  to  an  insulated 
spring.  The  latter  presses  on  an  ebonite  cover  fixed  upon  one  of  the  armatures.  Once 
in  each  revolution  of  the  latter,  the  spring  touches  a  platinum  pin  connected  with  the 
armature,  and  thus  with  the  axis  of  the  instrument 

The  case  is  12  by  11  by  12  inches,  and  has  a  total  weight  of  58  pounds.  The 
crank  handle  is  much  too  short  for  convenience. 

The  available  potential  is  not  sufficiently  high  to  allow  many  fuzes  to  be  coupled 
in  series,  and  a  simple  derived  circuit  should  therefore  be  employed.  Only  tension 
fuzes  possessed  of  considerable  conductivity  can  be  exploded  by  the  machine. 

A  series  of  careful  experiments  conducted  by  the  British  Government,  and  folly 
reported  in  Vol.  X,  New  Series,  Professional  Papers  of  the  Royal  Engineers  (1861), 
exhibit  the  following  results :  Employing  the  Abel  -fuze  and  a  derived  circuit,  from 
twelve  to  twenty-five  charges  at  600  yards  from  the  machine  can  be  exploded  on  land, 
and  four  under  water.  A  single  fuze  lias  been  exploded  through  over  100  miles  of 
land  telegraph  wire.  Insulation  must  be  carefully  secured ;  and  the  explosions  in 
derived  circuits  are  not  absolutely  although  very  nearly  simultaneous. 


REPORT    ON     SUBMARINE       MINES 


PLATE    XXIV. 


-I 

m 


CO 


FIQ.I.  WHEATSTONE    EXPLODEF^ 


TERMINAL  POST 


SWITCH 


FIG.  2    BEARDSLEE     MACHINE. 


TEFIMINAL  P08T8 


FIG.  3     SIEMENS     SPARK     MACHINE 


BREAK 


J^JM:vJim*fiv-.a>^a  /HT'vt^'XMitm. 


MAGNETO-ELECTEIO  APPARATUS.  273 

Although  this  is  a  neat,  ingenious,  and  serviceable  instrument,  it  is  now  super- 
seded, at  least  in  this  country,  because  it  can  be  used  neither  with  low  tension  nor 
with  very  high  tension  fuzes. 

The  BeardBlee  Machine.— This  instrument,  patented  in  1859  and  1863,  is  similar  in 
principle  to  that  of  Wheatstone,  but  is  larger  and  more  powerful.  It  was  much  used 
during  our  late  civil  war,  in  which.it  justly  won  a  high  reputation ;  but  it  is  now  super- 
seded by  later  devices,  for  the  same  reason  as  the  Wheatstone  exploder. 

The  machine  (Plate  XXIV,  Fig.  2)  derives  its  power  from  a  stellar  cast  iron 
magnet,  having  ten  poles  radiating  from  the  centre  and  alternating  in  polarity.  The 
axis  is  central,  and  perpendicular  to  the  horizontal  plane  of  the  magnets,  and  is  so 
geared  as  to  admit  of  rapid  revolution,  four  turns  of  the  magnet  to  one  of  the  crank. 
To  insure  solidity,  the  spaces  between  the  magnets  are  sometimes  filled  by  wooden 
wedges,  the  whole  bound  together  by  a  brass  tire. 

Immediately  under  this  magnet  is  placed  a  soft  iron  ring  of  equal  diameter.  Ten 
pins  of  soft  iron  i*ise  from  this  ring,  so  placed  that  when  one  is  covered  by  a  magnet 
pole  all  the  others  are  so  likewise.  These  pins  are  the  cores  of  coils  of  moderately 
fine  insulated  wire,  each  having  a  resistance  of  1 1 0  ohms.  As  the  crank  is  revolved, 
the  motion  of  the  magnet  poles  causes  a  rapid  reversal  of  polarity  in  these  cores,  and 
thus  generates  a  succession  of  alternating  cuiTents  of  electricity  in  the  coils.  The 
latter  may  easily  be  coupled,  as  desired,  to  produce  high  or  low  potential ;  t.  6.,  in  a 
continuous  series  for  high,  and  in  multiple  arc  for  low  potential.  The  usual  arrange- 
ment is  two  gi*oups  of  five  coils  each.  Convenient  terminal  posts  are  arranged  to 
receive  the  leading  wires,  and  a  switch  is  added,  to  allow  a  high  speed  of  revolution 
before  sending  the  current  into  the  exterior  circuit  containing  the  fuze. 

The  apparatus  is  held  together  by  a  stout  iron  frame,  permanently  encased  in  a 
box  18  by  18  by  14  inches,  weighing  115  pounds. 

Like  other  instruments  of  its  class,  the  Beardslee  machine  exacts  a  certain  con- 
ductivity in  its  fuze.  The  Abel  explodes  readily  with  it ;  and  Captain  Beardslee,  son 
of  the  inventor,  has  devised  a  special  type  (page  208),  consisting  essentially  of  a  lead 
pencil  mark  connecting  the  leading  wires.  Fine  powder  packed  on  this  line  is  ignited 
by  the  heat  developed  by  the  electricity.  This  fuze  is  claimed  to  have  been  fired 
by  the  machine  at  a  distance  of  240  miles,  through  an  ordinary  telegraph  line.  In 
submerged  cable,  the  range  is  of  course  far  less. 

In  fine,  Beardslee's  machine  is  a  strong,  serviceable  instrument,  little  likely  to  get 
out  of  order ;  but  it  is  too  heavy,  and  it  cannot  be  used  with  the  best  fuzes  now  in  the 
market  in  this  country. 

The  Oramme  Machine. — This  instrument  represents  the  latest  and  most  perfect  form 

of  magneto-electric  apparatus,  for  it  eliminates  the  troublesome  commutator,  and  can 

supply  a  current  as  uniform  as  that  of  the  best  voltaic  battery. 
If  0.23 36 
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le  principles  of  its  consti'uction  are  equally  applicable,  whether  permanent  mag- 
electro-magnets  on  the  dynamo  plan  are  employed.  The  former  are  usually 
I  for  hand  machines,  and  the  latter  for  larger  apparatus  designed  to  produce  the 
light,  or  to  effect  the  deposition  of  metals. 

le  sample  of  the  hand  machine  in  the  School  of  Submarine  Mining  at  Willets 
i  intended  for  laboratory  use.  It  weighs  67  pounds,  and  occupies  a  space  of 
'iS  by  25  inches  in  height. 

le  permanent  magnet  is  of  the  Jamin  horseshoe  type,  composed  of  twenty  sep- 
Bry  thin  plates,  the  whole  aggregating  only  0.8  inches  in  thickness,  and  pos- 
extraordinary  power.  Between  its  poles  a  ring  of  soft  iron  is  caused  to  revolve 
ank  so  geared  as  to  give  10  revolutions  for  each  turn.  A  speed  of  2,300  revo- 
per  minute  can  be  given  for  a  short  time,  and  1,400  are  easily  maintained, 
le  ring  is  wrapped  at  right  angles  to  its  plane  by  thirty  small  coils  of  copper 
0.  19  B.  W.  G.,  connected  in  series  in  an  unbroken  circuit  Each  junction 
n  two  coils  is  soldered  to  a  thin  strip.  These  strips  are  insulated  irom  each 
nd  from  the  axis  of  the  ring,  around  which  they  are  secured  so  as  to  form  an 
1  covering.  Two  bundles  of  fine  vrire  are  placed,  like  the  springs  of  a  com- 
r,  so  as  to  touch  in  succession  each  of  these  strips  as  the  axis  revolves,  the 
)f  contact  being  opposite  each  other  and  midway  between  the  poles  of  the 
.  The  bundles  are  connected  by  insulated  wire  with  terminal  binding  posts 
id  to  receive  the  leading  wires. 

le  theory  of  the  apparatus  is  simple.  The  soft  iron  ring  revolves  in  the  magnet 
ut  its  poles  remain  fixed,  each  adjacent  to  the  pole  of  the  magnet  to  which  it 
a  existence.  Tlie  who^e  arrangement  is,  therefore,  similar  to  a  series  of  con- 
coils  through  which  a  bar  magnet  is  passed.  By  the  theory  of  magnetic 
on,  two  equal  and  opposing  currents  are  thus  generated  in  the  coils  of  the 
e,  their  points  of  opposition  being  where  the  bundles  of  wire  touch  the  circuit 
sally,  therefore,  the  thirty  coils  are  like  thirty  battery  cells  coupled  in  two 
f  fifteen  cells  each,  with  the  end  cells  united  in  opposition,  zinc  to  zinc  aud 
t  coke.  Hence,  if  the  exterior  circuit  be  closed,  the  bundles  of  wire  simply 
t  into  it  the  united  current  of  the  two  series  of  cells ;  if  it  be  open,  the  two 
3  neutralize  each  other. 

has  been  well  established  by  experiment  that  the  electro-motive  force  of  this 
e  is  proportional  to  the  speed  of  revolution,  at  least  within  the  limits  of  pmc- 
L  set  of  measurements  was  made  in  March,  1876,  to  determine  the  numerical 
of  the  constants  pertaining  to  the  individual  instrument  at  Willets  Point,  in 
eral  equation : 

E  AT 


C  = 


E^+R^^— R^+B^^ 
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In  this  expression,  C  denotes  the  strength  of  current  in  webers ;  £,  the  electro- 
motive force  in  volts ;  T,  the  number  of  revolutions  of  the  armature  per  minute  (ten 
times  the  number. of  turns  of  the  crank);  R^,  the  internal  resistance  in  ohms 
(measured  between  the  terminals  designed  for  the  leading  wires) ;  R,^ ,  the  resistance 
in  ohms  of  the  external  circuit ;  and  A,  a  constant  for  the  individual  instrument 

The  quantities  R,  and  R,^  were  determined  by  a  standard  Wheatstone  bridge ; 
the  former  was  0.650  ohms,  and  the  latter  (for  the  circuit  used  in  the  measurements) 
0. 1 63  ohms.  It  remained  to  deduce  the  value  of  A  from  measured  values  of  C  and 
E  corresponding  to  a  series  of  values  of  T.  By  the  method  adopted,  five  operators 
were  required ;  but  since  all  the  variables  were  measured,  the  accuracy  of  the  final 
result  admitted  of  an  absolute  check. 

The  external  circuit  included  a  Helmholtz-Gaugain  galvanometer  of  which  the 
weber  coefficient  was  accurately  known,  enabling  C  at  any  instant  to  be  deduced  from 
the  observed  deflection. 

Another  circuit  led  from  the  terminals  of  the  instrument  through  a  trigger  key, 
a  standard  half  microfarad  condenser  and  a  Thomson  galvanometer,  so  as  to  admit  at 
any  instant  of  the  application  of  Law's  method  to  the  determination  of  the  part  of  the 
electro-motive  force  (E,)  consumed  in  overcoming  the  external  resistance.  The  con- 
stant of  this  galvanometer  in  volts  was  derived  from  two  Clark  cells  freshly  set  up. 
Since  this  second  circuit  was  never  closed,  it  could  form  no  shunt. 

The  crank  was  turned  steadily  by  a  trained  assistant  at  various  rates  of  speed, 
the  number  of  turns  per 'minute  being  estimated  by  the  aid  of  a  chronometer. 

The  mode  of  operating  was  to  bring  the  Gaugain  galvanometer  to  a  steady 
deflection  by  revolving  the  crank  at  the  proposed  speed ;  and  then,  at  the  word,  to 
note  the  number  of  turns  in  ten  seconds,  record  the  galvanometer  deflection,  and 
determine  the  corresponding  value  of  E,  by  springing  the  trigger  key. 

The  beautiful  steadiness  of  the  current  generated  by  the  machine  enabled  good 
readings  to  be  obtained,  notwithstanding  the  difficulty  of  securing  a  uniform  rate  of 
revolution  by  hand.     This  is  apparent  from  the  following  table : 

ObservationH  with  the  Gramme  machine. 


Nrnnber  of  ex- 
periment. 

Observed. 

Measured  C 

Computed  C. 

T 

B, 

By 
Gaugafn. 

0.163 

Mean. 

0.0045  T 
'^  ~  0.65  +  0.163 

Differenoe. 

VoUm. 

W€ber$, 

Wehert. 

Webers. 

Wtbere. 

WA«ra. 

1 

540 

0.61 

3.73 

3.73 

3.73 

3.00 

+  0.73 

2 

840 

0.80 

4.76 

4.91 

4.83 

4.65 

+  0.18 

3 

1,050 

0.90 

6.85 

5.62 

5u69 

5.80 

-0.11 

4 

1,200 

1.00 

6.88 

&60 

&79 

6.97 

-0.18 

6 
Mean 

1,380 

1.25 

7.21 

7.67 

7.41 

7.63 

-0.19 

5u69 

5.70 

5.69 

6.61 

0.28 
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rhe  value  adopted  for  A,  viz,  0.0045,  was  derived  from  these  experiments  by  a 
analysis,  and  the  table  sufficiently  confirms  ite  accuracy.  Hence,  for  the  general 
ion  of  this  individual  instrument : 

f,_  0.0045  T 
0.65+ R„ 
Since  it  is  easy  to  give  1,400  revolutions  per  minute  to  the  armature,  and,  by 
3US  effort,  2,300  per  minute,  the  electro-motive  force  usually  ranges  from  6.5  to 
Its. 

Experiment  with  this  instrument  has  shown  that  ten  service  platinum  fazes  united 
ies  can  be  exploded  on  short  circuit ;  and  that  a  single  fuze  can  be  fired  through 
stance  of  about  24  ohms. 

rhe  apparatus  can  also  be  used  for  any  purpose  where  a  steady  current  like  a 
y  is  desired,  provided  only  that  the  crank  be  turned  at  a  uniform  rate.  By 
3g  a  moderate  battery  current  through  the  coils,  a  motion  of  the  crank  is 
:ced  in  the  reverse  direction  to  that  required  to  induce  the  same  current  by  the 
ine ;  thus  beautifully  illustrating  the  principle  of  the  mutual  transformation  of 
ical  and  mechanical  energy. 

I)THAX0-ELK(7i:&ZC  APPA&ATUa 
[liis  class  differs  from  the  magneto-electric  apparatus,  just  described,  only  in  the 
r  electro-magnets  instead  of  permanent  magnets  to  maintain  the  magnetic  field 
ee  requisite  to  the  developement  of  the  electrical  currents.  In  other  words,  with 
no  machines  physical  power  is  employed  to  generate  both  the  magnetism  and 
lectricity. 

The  chief  advantages  of  these  machines  are  that  they  are  not  liable  to  deteriorate 
the  gradual  loss  of  the  permanent  magnetism,  and  that  with  equal  weight  they 
le  made  far  more  powerful.     On  the  other  hand,  they  require  more  physical 

Their  action  is  certain,  because  the  core  of  an  electro-magnet  always  retains  a 
residual  charge  of  magnetism.  The  feeble  waves  of  electricity  developed  by 
the  movement  of  the  armature  in  this  feeble  field  of  force  are,  if  alternating,  first 
caused  to  move  in  the  same  direction  by  the  use  of  a  commutator,  and  then  are  passed 
through  the  wires  enveloping  the  cores.  The  intensity  of  the  magnetic  field  is  thus 
increased ;  and  by  mutual  action  and  reaction  it  soon  becomes  exceedingly  .powerful. 

One  broad  distinction  between  instruments  of  this  class  is  based  upon  the  mode 
adopted  for  maintaining  the  field  of  force.  Sometimes,  as  in  the  Ladd  and  Hoch- 
hausen  machines,  a  certain  part  of  the  electrical  current  is  exclusively  devoted  to  this 
object,  the  design  being  to  produce  a  uniform  field  whatever  be  the  resistance  of  the 
working  circuit     With  such  insti-uments  this  object  will  be  attained,  and  the  c 
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motive  force  will  depend  solely  upon  the  speed  of  revolution  and  be  independent  of 
the  resistance  of  the  external  circuit,  only  when  a  magnetizing  current  is  employed 
strong  enough  not  only  to  saturate  the  cores  of  the  magnets  per  se^  but  also  to  over- 
come the  reaction  of  working  currents  circulating  ^irough  the  working  armature, 
which  tend  to  reduce  the  intensity  of  the  field  of  force  and  hence  to  cut  down  their 
own  strength.  With  a  small  external  resistance  this  reaction  may  be  very  strong ; 
and,  as  a  matter  of  fact,  both  of  the  machines  named  fail  to  accomplish  the  result 
intended,  when  the  external  resistance  is  very  small.  With  this  kind  of  apparatus 
the  electro-motive  force  is  an  increasing  function  of  this  resistance. 

With  certt^in  other  instruments,  the  windings  of  the  field  of  force  magnets  form 
part  of  the  general  working  circuit,  and  in  this  case  a  strong  field  and  hence  a  high 
electro-motive  force  is  only  possible  when  the  resistance  of  the  exterior  circuit  plus 
that  of  the  windings  is  not  sufficient  to  cut  down  the  current  below  the  strength  requi- 
site to  maintain  magnetic  saturation  in  the  cores.  Here  the  electro- motive  force  is  a 
decreasing  function  of  the  external  resistance. 

For  igniting  apparatus,  a  compromise  between  these  two  systems  is  common. 
The  current  is  first  caused  to  circulate  only  through  the  windings  of  the  cores,  and, 
when  the  latter  becomes  saturated,  it  is  switched  suddenly  into  the  exterior  or  working 
circuit  containing  the  fuzes.  The  effect  is  very  rapidly  to  cut  down  its  strength,  but 
in  the  mean  time  the  fuzes  have  exploded  and  hence  the  desired  work  is  accomplished. 

From  another  point  of  view,  dynamo-electric  machines  may  be  classified  according 
to  the  form  in  which  the  electrical  force  is  utilized.  Thus  these  instruments  may  act : 
(1)  by  a  single  wave,  strong  at  first  but  rapidly  losing  power;  (2)  by  a  succession 
of  waves  alternating  in  direction  ;  (3)  by  a  current  more  or  less  unvarying.  By  the 
use  of  a  commutator  an  alternating  current  may  be  transformed  into  one  pulsating  in 
a  single  direction,  thus  transferring  the  instrument  from  class  (2)  to  class  (3). 

The  following  tabular  classification,  based  on  this  analysis,  includes  the  igniting 
machines  now  in  most  common  use : 

Siemens  spai'k. 

Farmer. 
I.  Acting  by  a  diminishing  wave.  \  g 

Laflin  &  Rand. 

II.  Acting  by  a  succession  of  waves,      \  Ladd,  without  com- 
alternating  in  direction.  )      mutator. 


III.  Acting  by  a  continuous  current 


Siemens  current. 
Ladd,  with  commutator. 
Hochhausen. 
Gramme. 
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these  machines,  Siemens  spark  can  be  used  with  either  high  or  medium  ten- 
Bs ;  Ladd  without  commutator,  only  with  medium  tension  fuzes ;  all  die  rest 
;ialty  designed  for  low  tension,  but  some  of  them  may  be  employed  with 
-tension  fuzes. 

jrief  description  will  now  be  given  of  these  instrumenta  and  of  tlieir  tests. 

Siameoi  Spark  Xaohine.— This  machine  (Plate  XXIV,  Fig.  3)  acts  upon  the  prin- 

it  soft  iron  always  retains-  a  weak  residual  charge  of  magnetism,  a  fact  discov- 

■  Siemens.     It  is  operated  by  a  horseshoe-magnet,  which  being  of  soft  iron 

mly  a  small  magnetic  force  when  not  in  action.  '  The  bars  are  wrapped  with 

hms  of  insulated  wire,  No.  23  B.  W.  G.    When  a  powerful  current  of  elec- 

lows  through  this  wrapping,  a  strong  magnetic  power  is,  of  course,  developed 

in  the  bars.     The  poles  are  4.5  inches  in  length,  and  nearly  envelop  between 

lat  is  known  as  a  Siemens  armature.    This  consists  of- a  bar  of  soft  iron  4.5 

ong  and  2  inches  in  diameter,  grooved  longitudinally  and  wrapped  in  this 

ffith  0.2  ohms  of  rather  coarse  wire.    This  armature  is  pivoted  at  its  extremi- 

[  connected  by  suitable  gearing  with  an  external  crank  by  which  a  rapid  revo- 

an  be  given,  six  turns  to  one  of  the  crank.     The  ends  of  the  armature  wrap- 

I  attached  to  the  opposite  sides  of  a  commutator  on  one  end  of  the  armature 

prings  connected  with  the  ends  of  the  magnet  wrapping  touch  first  one  and 

I  other  of  these  terminals  at  each  revolution  of  the  armature,  and  thus  convey 

rent  generated  by  the  revolution  of  the  armature  within  the  magnetic  field, 

into  the  same  direction  by  the  commutator,  through  the  magnet  coils.     When 

jlution  begins  this  current  is  feeble;   but  as   the   strength  of  the  magnet 

8  the  latter  reacts  and  thus  strengthens  the  ciui-ent,  which  in  its  turn  still  more 

ens  the  magnet    Tlius  in  a  few  seconds  both  magnet  and  current  become 

ong,  as  is  made  evident  by  the  increased  power  required  to  turn  the  crank. 

utilize  this  current  a  wire  passes  from  one  of  the  springs  to  an  external  bind- 

,  touching,  en  route,  one  of  the  plates  of  a  small  condenser,  0.002  microfarads 

sity.     The  wire  from  the  other  spring,  after  traversing  the  coils  of  the  magnet, 

is  attached  to  the  other  plate  of  the  condenser  and  also  to  a  mainspring,  and  through 

it  to  a  bi*eak  which,  when  mechanically  closed,  extends  the  circuit  to  a  second  external 

binding  post.     This  break  is  regulated  by  an  ingenious  device  attached  to  the  driving 

shaft,  which  after  two  turns  of  the  crank  releases  the  mainspring  and  Uirougli  it£ 

agency  closes  the  circuit  to  the  binding  post,  and  instantly  after  opens  the  short  cir- 

cuit  through  which  the  current  had  been  flowing.     The  efiect  is  to  send  tlirough  the 

external  circuit  a  short  wave,  due  to  the  current  and  a  strong  extra  current  reinforced 

by  the  condenser. 

This  machine  is  encased  in  a  box,  14  by  7  by  13  inches,  the  weight  of  the  whole 
being  52  pounds.     It  requires  a  high  or  medium  tension  fuze,  and  throws  a  spark 
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of  large  quantity  and  of  comparatively  low  potential.  This  feature  renders  it  espe- 
cially fitted  for  use  with  good  submerged  cable,  as  electrification  does  not  rapidly 
reduce  the  volume  of  the  spark  below  the  eflfective  limit  An  Abel. fuze  can  easily  be 
exploded  by  it  through  a  submerged  circuit  of  a  couple  of  miles  of  good  torpedo 
cable,  use  being  made  of  the  earth  for  a  return  circuit.  Twelve  Abel  fuzes,  con- 
nected in  series  or  in  multiple  arc,  can  be  exploded  on  a  short  land  circuit 

From  the  manner  in  which  this  instrument  discharges  itself  through  the  fuze  cir- 
cuit, it  seems  altogether  improbable  that  the  ratio  of  the  times  in  equation  (68)  can  be 
regarded  as  unity  in  comparing  its  strength  of  current  with  that  of  the  magneto- 
electric  machines  acting  by  a  single  wave ;  and  hence  that  method  cannot  be  safely 
trusted.  As  a  matter  of  curiosity,  however,  the  attempt  was  made ;  and  the  result 
developed  the  fact  that  it  is  exceedingly  difficult  to  obtain  uniform  discharges.  The 
maximum  time  in  which  to  excite  the  magnets  is  limited  by  two  revolutions  of  the 
crank;  and  this  is  not  enough.  Successive  trials  gave  discordant  swings  to  the 
needle,  indicating  a  range  of  ten  per  cent.,  even  when  every  care  was  taken  to  obtain 
a  maximum.  The  average  strength  of  current  seemed  to  be  about  1.5  times  larger 
than  that  of  the  Marcus  machine,  or  perhaps  about  1,300  microfarads;  but,  for  the 
reason  above  stated,  no  precision  can  be  claimed  for  these  figures. 

In  using  the  instrument,  care  must  be  observed  to  begin  the  revolutions  with  the 
crank  in  the  position  where  the  main  spring  has  jv^st  actedj  and  to  turn  as  rapidly  as  pos- 
sible.    If  these  precautions  be  neglected  much  power  will  be  lost. 

The  Farmer  Kaohine.— This  apparatus  possesses  decided  advantages  over  any  other 
thus  far  described ;  not  only  from  the  fact  that  it  permits  the  use  of  low-tension  fuzes, 
but  also  because  it  acts  by  a  very  powerful  wave  of  electricity  of  low  potential,  which 
has  little  tendency  to  escape  through  leaks  in  the  leading  wires,  but  yet  has  sufficient 
power  to  explode  many  charges  arranged  in  series. 

The  machine  is  encased  in  a  strong  box  13  by  11  by  18  inches  in  size,  the  whole 
weighing  120  pounds.  It  acts  upon  the  double  circuit  principle,  and  is  iiaed  in  com- 
bination with  a  peculiar  switch  separate  from  the  instrument 

It  consists  essentially  of  a  large  soft  cast  iron  wire-wrapped  magnet,  a  Siemens 
armature  with  a  suitably  geared  crank,  and  the  switch. 

The  armature  is  6.5  inches  long,  and  2.1  inches  in  diameter,  wrapped  with  copper 
wire  of  No.  19  B.  W.  G.  It  is  geared  to  revolve  about  7.3  times  for  every  turn  of 
the  crank,  which  enables  a  strong  man  to  give  about  1,000  revolutions  per  minute. 

The  magnets  are  wrapped  with  copper  wire  of  No.  14  B.  W.  G. 

The  circuit  (Plate  XXV,  Fig.  1)  is  peculiar.  Starting  at  one  of  the  terminal  posts, 
the  wire  passes  round  the  magnets  to  one  spring  of  the  commutator,  thence  through 
the  armature  to  the  other  spring  and  from  that  to  the  other  terminal  post  Unless, 
therefore,  these  external  terminals  be  connected  no  circuit  exists. 
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The  switch,  when  attached,  completes  this  circuit ;  and  a  rapid  revolution  of  the 
:  then  calls  for  very  great  strength.  By  depressing  the  left-hand  key  the  short 
it  is  broken,  and  the  current  is  sent  through  the  fuze  and  galvanometer  back  to 
istrument  The  resistance  of  the  latter,  about  1 00  ohms,  protects  the  former  from 
ision,  and  the  continuity  of  the  circuit  can  thus  be  verified.  By  depressing  first 
tght-hand  key  and  then  the  left-hand  key  the  galvanometer  resistance  is  elim> 
i  from  the  exterior  circuit,  and  explosion  ensues. 

It  will  be  noted  that  when  the  latter  key  is  depressed  the  current  sent  through 
xterior  circuit  is  reinforced  by  the  extra  current  developed  by  suddenly  breaking 
liort  circuit,  and  that  a  great  increase  of  power  is  thus  secured.  Also,  that  this 
is  momentary  in  character,  since  the  exterior  resistance  reduces  the  strength  of 
urrent,  and  hence  the  magnetism  rapidly  diminishes.  The  explosion  occurs,  how- 
before  this  change  has  time  to  develope  itself. 

Perhaps  no  class  of  igniting  apparatus  is  more  difficult  to  subject  to  exact  meas- 
ent  than  that  to  which  this  instrument  belongs  The  current  is  first  employed  to 
re  the  field  magnets  to  saturation  and  then  is  suddenly  switched  through  the  fuze 
it,  which  in  general  has  a  resistance  sufficient  to  immediately  lower  the  magnetic 
sity  of  the  field  of  force,  and  hence  to  rapidly  reduce  the  electro-motjve  force, 
le  other  hand,  this  qttasi  breaking  of  the  circuit  developes  an  extra  current  wliich 
a.  instant  largely  increases  this  element  Notwithstanding  this  complex  change, 
urrent  does  not  cease,  and  hence  the  method  employed  with  tlie  Breguet  appa- 
,  equation  (68),  is  not  applicable,  because  the  ratio  of  the  times  of  action  certfunly 
3t  be  assumed  to  be  unity.  In  other  words,  the  electro-motive  force,  and  hence 
length  of  current  for  successive  differentials  of  time,  first  increases  to  an  unknown 
36  and  then  falls  away  at  a  rate  which  is  a  function  of  the  external  resistance. 
Two  methods  of  trial  suggested  fhemselves.  The  first  was  the  same  so  success- 
applied  to  the  Gramme  machine ;  but  several  causes  of  uncertainty  and  inac- 
;y  could  not  be  eliminated,  viz:  (1)  the  exterior  circuit  employed  (3.26  ohms) 
t  or  might  not  be  too  great  to  permit  a  normal  developement  of  the  intensity  of 
.eld  of  force  magnets ;  (2)  the  augmentation  of  the  electro-motive  force  due  to  the 
I  current  would  certainly  be  wanting;  (3)  the  difficulty  with  all  Siemens  arma- 
,  namely,  that  the  current  is  pulsating  even  when  turned  by  the  commutator  into 
gle  direction,  would  render  the  electro-motive  force  as  measured  by  Law's  method 
ble.  Indeed,  that  element  must  differ  for  every  position  of  the  contact  terminals 
e  commutator.  The  changes  in  electro-motive  force  are  so  rapid  as  hardly  to 
ince  the  deflection  of  the  heavy  needle  of  the  Gaugain  galvanometer,  but  the 
ataneous  discharge  of  the  condenser  measures  a  particular  value  and  not  the 
1  value  which  regulates  the  former.  Nevertheless,  to  obtain  some  approximate 
ts  the  method  was  tested. 
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The  internal  resistance  of  the  machine  being  3.13  ohms,  a  constant  external 
resistance  of  3.26  ohms  was  selected,  and  the  crank  was  turned  as  rapidly  as  possible 
by  a  powerful  and  well-trained  man.  The  switch,  of  course,  was  omitted.  The  fol- 
lowing table  exhibits  the  results  obtained : 


Observations  t€ith  the  Farmer  machine. 


Kanib«r  of  experi- 
ment. 

Obaerved. 

Measared  C. 

Measured  E. 

T 

B, 

By  OangaixL 

8.26 

Bj  Gangain. 
(8.13  +  8.26)  C 

By  Law's  method. 

3.13  -f  3.26  ,,  „ 
3.26         ^  "' 

1 
2 
3 
4 

024 
1,020 
1,056 
1,020 

ToUi, 
5.70 

14.00 

0.04 

7.20 

Wthert, 
3.38 

8.18 

8.24 

3.86 

WAert. 
1.75 

4.48 

2.04 

2.21 

YoUt, 
20.00 

20.00 

20.70 

21.41 

V0U9, 
11.11 

28.47 

12.05 

14.04 

Mean 

3.21 

2.62 

20.53 

16.64 

When  the  exterior  circuit  was  reduced  to  0.14  ohms,  1,000  revolutions  of  the 
armature  per  minute  gave  a  current  of  6.40  webers,  corresponding  to  6.4  (3.13  + 
0.14)  =  20.93  volts.  From  this  it  would  appear  that  the  most  serious  cause  of  error 
in  this  method  of  measurement  is  due  to  the  failure  to  develop  the  extra  current^  which 
must  considerably  raise  the  electro-motive  force  available  for  firing  a  fuze. 

The  second  method  for  determining  this  quantity,  devised  in  1876,  consisted  in 
placing  a  box  of  resistance  coils,  and  a  low-tension  fuze  which  required  a  current  of 
0.5  webers  for  ignition,  in  the  exterior  circuit ;  sending  the  wave  as  usual  through  this 
circuit,  but  at  first  unplugging  enough  resistance  to  prevent  ignition ;  and  reducing 
this  amount  ohm  by  ohm  until  the  fuze  was  fired.  This  plan  rendered  it  easy  to 
compute  from  Ohm's  law  the  eflfective  value  of  E,  by  multiplying  the  amount  last 
unplugged  plus  the  resistance  of  fuze  and  leading  wires  (0.87  ohms)  plus  the  internal 
resistance  (3.13  ohms)  by  0.5.     The  following  experiments  were  made  in  this  manner: 


First  experiment Last  amount  unplngged,  60  ohms 

Second  experiment Last  amount  unplugged,  52  ohms 

Third  experiment Last  amount  unplugged,  54  ohms 

Fourth  experiment Last  amount  unplugged,  60  ohms 

Fifth  experiment Last  amount  unplugged,  55  ohms 

Sixth  experiment Last  amount  unplugged,  60  ohms 

Seventh  experiment Last  amount  unplugged,  55  ofarip 

Elighth  experiment Last  amount  unplugged,  54  ohnro 

Ninth  experiment Last  amount  unplugged,  65  ohms 

Tenth  experiment Last  amount  unplugged,  55  ohms 


electro-motive  force,  32  volts, 
electro-motive  force,  28  volts, 
electro-motive  force,  29  volts, 
electro-motive  force,  32  volts, 
electro-motive  force,  30  volts, 
electro-motive  force,  32  volts, 
electro-motive  force,  30  volts, 
electro-motive  force,  29  volts, 
electro-motive  force,  34  volts, 
electro-motive  force,  30  volts. 


Mean,  30  volts. 

Since  these  results,  reached  by  methods  so  different,  accord  so  well,  it  would  appear 
that  the  full  working  power  of  the  machine  when  used  to  generate  a  wave,  as  in  igniting 
low- tension  fuzes,  may  be  represented  without  material  error  by  the  following  formula: 

30 


C  = 


Ifo.23 36 


3.13  +  R,, 
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is,  tlie  internal  resistance  being  3.13  ohms,  the  machine  with  1,000  revolu- 
ttinute  will  develop  for  au  instant  an  effective  electro-motive  force  of  30  volts; 
lot  more  than  20  volts  can  be  continuously  obtained  at  that  speed.  The 
lue  is  sufficient  to  explode,  near  the  instrument,  about  twenty  carefully 
rvice  platinum  fuzes  connected  in  series ;  double  that  number  have  occa- 
sen  fired  at  a  higher  speed. 

such  a  statement  it  is  quite  unnecessary  to  add  that  tlie  Farmer  machine  is 
suited  for  river  or  sea  service.  Indeed,  it  has  been  adopted  in  the  United 
'y  for  the  latter  purpose. 

ecret  of  its  power  lies  in  the  fact  that  tlie  armature  revolves  in  unusually 
imity  to  the  poles  of  the  magnet.  To  this  fact,  and  to  the  judicious  winding 
ilization  of  the  extra  current,  its  gi-eat  power  is  due. 

all  machines  containing  a  commutator,  there  is  a  certain  liability  that  a 
lit  may  be  made  between  the  opposite  pieces  by  metallic  dust  caused  by 
also,  that  tlie  contact  of  the  springs  may  become  defective.  In  case  of 
se  points  should  be  first  examined. 

nith  Machine.— Tliis  instrument  is  identical  in  theory  and  construction  with 
r;  but  it  contains  an  ingenious  device  for  dispensing  with  the  external  key, 
tlasting  is  troublesome  to  a  man  who  for  economy  is  also  trying  to  turn  the 
is  essentia]  to  a  good  development  of  the  power  that  the  short  circuit  shall 
when  the  armature  is  revolving  at  full  speed.  The  latter  requires  vigorous 
and  the  operator  is  likely  to  involuntarily  slacken  hJs  efforts  in  trying  to 
e  the  key,  thus  causing  a  possible  failure  if  many  fuzes  are  in  circuit 
I  obviates  this  objection  to  Farmer's  machine  by  providing  a  short  circuit 
le  terminals  within  the  case.  Part  of  this  circuit  consists  of  a  movable  arm 
to  an  arrangement  resembling  a  gun  lock  at  full  cock  The  trigger  is 
T  a  small  armature  placed  near  the  soft  iron  magnet,  and  is  so  adjusted  as  to 
3  full  power  of  this  magnet.  When  this  is  developed  the  trigger  snaps,  and 
pring  acting  on  the  movable  arm  suddenly  breaks  the  short  circuit,  thus 
in  electrical  wave  through  the  external  circuit.  By  this  device  the  firing  is 
and  the  operator  has  only  to  turn  the  crank,  being  sure  that  so  soon  as  he 
jd  a  sufficient  speed  to  levelop  the  full  power,  the  wave  will  be  sent  through 
The  trigger  is  reset  mechanically  by  the  next  revolution  of  the  crank. 
I's  machhie  is  encased  in  a  strong  box  13  by  10  by  15  inches  high;  the 
ighing  77  pounds.  The  magnet  and  armature  are  wound  with  copper 
former  of  No.  13,  and  the  latter  of  No.  16,  B.  W.  G.  The  total  internal 
is  0.56  ohms.  The  gearing  of  the  crank  gives  six  revolutions  of  the  arma- 
;h  turn  of  the  handle, 
etermine  the  electro-motive  force  generated  by  the  machine,  and  hence  its 
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eflfective  equation  for  the  work  for  which  it  is  designed,  the  method  by  fuzes  described 
for  the  Farmer  machine  was  adopted.  About  1,044  revolutions  of  the  armature  per 
minute,  the  practical  limit  for  which  the  trigger  is  set,  were  given.  The  internal 
resistance  of  the  machine  being  0.56  ohms,  of  the  fuze  at  explosion  0.9  ohms,  and  of 
the  leading  wires  0.14  ohms,  the  constant  resistance  was  1.6  ohms.  Adding  the  maxi- 
mum amount  in  ohms  which  could  be  unplugged  without  preventing  explosion,  and 
multiplying  the  sum  by  0.5  webers,  gave  the  following  values  for  E : 


First  experiment 20  ohms  nnplngged 

Second  experiment 20  ohms  nnplngged 

Third  experiment 20  ohms  unplugged 

Fourth  experiment 23  ohms  unplugged 

Fifth  experiment 25  ohms  unplugged 

iiixth  experiment ....' 20  ohms  unplugged 

Seventh  experiment 20  ohms  unplugged 

Eighth  experiment 21  ohms  unplugged 

Ninth  experiment 23  ohms  unplugged 

Tenth  experiment 23  ohms  unplugged 


Hence  for  the  fuze  firing  equation  of  this  machine: 

12 


effective  E,  10.8  volts, 
effective  E,  10.8  volts, 
effective  E,  10.8  volts, 
effective  E,  12.3  volts, 
effective  E,  13.3  volts, 
effective  E,  10.8  volts, 
effective  £,  10.8  volts, 
effective  £,  11.3  volts, 
effective  E,  12.3  volts, 
effective  E,  12.3  volts. 


Mean,  11.55  volts. 


^  ~  0.56  +  R„ 

This  equation  indicates  that  eight  service  low-tension  fuzes,  coupled  in  series  on 
short  circuit,  can  be  fired  with  certainty;  and  experiment  confirms  the  prediction. 
With  a  considerably  larger  number,  failures  are  rare.  A  single  fuze  can  be  fired 
through  an  external  resistance  of  about  20  ohms. 

For  military  purposes  Smith's  apparatus  is  decidedly  inferior  to  the  Farmer 
machine,  because  the  instant  of  firing  is  not  so  perfectly  under 'control;  but  for 
ordinary  blasting,  it  evidently  possesses  merit. 

The  Laflin  ft  Band  Machine.— This  machine,  known  in  the  trade  as  ''Magneto  No.  3," 
was  patented  in  March,  1878;  and  it  appears  to  fulfil  more  of  the  conditions  desirable 
for  ordinary  military  service  than  any  of  its  rivals,  while  its  cost  is  much  less.  It  has 
been  thoroughly  tested  at  Willets  Point,  both  on  land  and  in  boats,  and  it  is  now 
used  almost  exclusively  when  from  one  to  five  charges  are  to  be  fired. 

The  wooden  case  is  16  by  8  by  5  inches  in  size,  the  total  weight  being  18  J 
pounds.  A  leathern  strap  handle,  with  terminals  for  leading  wires  and  a  firing  bar 
an'anged  for  external  use,  render  the  instrument  portable  and  convenient. 

The  internal  arrangement  will  be  understood  from  Plate  XXVI,  Fig.  1.  A 
Siemens  armature  revolves  between  soft  iron  prolongations  of  the  cores  of  an  electro- 
magnet. The  electricity  thus  generated  is  transformed  by  a  commutator  from  an 
alternating  to  a  continuous  current.  The  circuit  passes  from  the  commutator  springs 
into  the  adjacent  ends  of  the  windings  of  the  magnet.  The  back-strap  ends  of  the 
windings  of  the  two  halves  of  this  magnet  are  extended  to  the  terminals  for  the  lead- 
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ing  wires;  and  thence  to  a  brass  spring  and  collar  where,  by  platinum  contact  points, 
they  are  joined  together,  thus  completing  an  interior  short  circuit  tapped  by  the  fuze 
circuit  as  a  shunt.  The  magnet  is  wrapped  with  1.76  ohms  of  cotton-insulated  copper 
wire  No.  18  B  W.  G.,  and  the  armature  with  0.92  ohms  of  No.  21  of  the  same. 

The  novelty  of  the  machine  lies  in  the  mode  of  giving  rotation  to  the  Siemens 
armature,  and  of  switching  into  the  fuze  circuit  the  powerful  internal  current  thus 
induced.  Both  objects  are  accomplished  by  the  firing  bar,  which  consists  of  a  square 
brass  rod  14  by  ^  by  }  inches,  fitted  with  a  wooden  handle  at  one  end.  The  other 
end  passes  down  into  the  box.  One  side  is  provided  with  rack  teeth  enga^ng  in  a 
loose  pinion  fitting  over  the  armature  spindle  prolonged.  A  clutch  holds  the  pinion 
to  the  spindle  when  the  rod  is  descending,  but  leaves  it  free  when  the  latter  is  raised, 
thus  restricting  the  revolutions  of  the  armature  to  one  direction  only.  When  the 
'  firing  bar  reaches  its  lowest  position,  it  strikes  the  brass  spring  forming  part  of  the 
interior  circuit;  and,  if  in  rapid  motion,  the  shock  breaks  this  circuit  and  thus  shunts 
the  current  into  the  fuze  circuit.  In  passing  from  the  top  to  the  bottom  of  the  box 
the  rod  causes  seven  and  one-half  complete  revolutions  of  the  armature ;  and  if  the 
movement  be  the  result  of  a  sudden  and  strong  downward  pressure,  this  is  enough  to 
develop  a  powerful  field  of  force  and  consequently  a  powerful  electrical  current 

The  nature  of  the  wave  generated  by  this  instrument  is  similw  to  that  developed 
by  the  Farmer  and  the  Smith  machines ;  and  to  determine  its  effective  electro-motive 
force  the  fuze  method  of  testing  described  for  the  former  was  adopted  with  the  follow- 
ing results. 

Observatton*  aith  the  Laflin  <£  Sand  machine. 
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These  measurements  were  made  in  December,  1879,  with  a  new  machine  just 
purchased.    They  indicate  that  its  effective  electro-motive  force  was  16.9  volts.    A 
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similar  set  made  with  an  instrument  received  in  July,  187H,  gave  12  2  volts.     Hence, 
the  general  working  equation  for  instantaneous  action  may  be  I'egfarded : 

^-2.7+R,, 

Assuming  that  0.9  ohms  is  the  usual  fuze  resistance  at  explosion,  and  that  a 
minimum  current  of  1.5  webers  is  needful  to  ensure  explosion  when  coupled  in  series, 
this  equation  indicates  that  8  fuzes  may  be  fired  on  short  circuit.  Experiment  con- 
firms this  inference — ^seven  fuzes  and  eight  fuzes  being  thus  fired  successfully,  while 
with  ten  in  circuit  several  fail.  The  instrument,  therefore,  may  be  trusted  to  fire  five 
adjacent  guns  simultaneously,  allowing  2.5  ohms  for  the  resistance  of  the  leading 
wires.     A  single  fuze  may  be  fired  through  about  30  ohms. 

The  mechanism  is  strong  and  not  likely  to  get  out  of  order.  The  only  points 
requiring  attention  are  that  no  dirt  be  allowed  to  collect  between  the  platinum  contact 
points  of  the  break  circuit  spring;  that  no  metallic  dust  bridge  the  cuts  in  the 
commutator ;  and  that  the  spindle  bearings,  fi'ont  and  rear,  be  occasionally  oiled.  By 
removing  a  few  screws  the  box  may  readily  be  opened  for  these  objects. 

The  Ladd  Kaehine.— This  instrument  is  designed  for  laboratory  use  rather  than  for 
practical  service,  and  accordingly  is  not  encased.  It  occupies  a  space  of  22  by  1 4 
by  23  inches  high,  and  weighs  119  pounds.  It  was  one  of  the  earliest  forms  of 
dynamo-electric  apparatus,  being  exhibited  at  the  Paris  Exposition  of  1867. 

It  consists  of  a  soft  iron  magnet  wound  witli  copper  wire  of  No.  13  B.  W.  G. 
The  poles  nearly  envelop  a  double  Siemens  armature,  composed  of  two  separate 
armatures  abutting  end  to  end  on  a  common  axis,  the  planes  of  the  windings  making 
right  angles  with  each  other.  The  total  length  of  the  compound  armature  is  11 
inches.  The  separate  parts  are  of  unequal  length,  but  both  are  wound  with  copper 
wire  of  No.  13  B.  W.  G.  The  larger  or  working  armature  has  a  resistance  of  0.14 
ohms.     Two  separate  commutators  are  placed  at  the  opposite  ends  of  the  axis. 

The  circuit  of  the  smaller  armature  is  permanently  restricted  to  the  magnet  coils, 
and  its  sole  work  is  to  create  and  maintain  a  strong  magnetic  field  for  generating  the 
current  iu  the  larger  or  working  armature. 

The  circuit  of  the  latter  passes  straight  from  the  contact  springs  of  the  commu- 
tator to  terminal  binding  posts  designed  to  receive  the  leading  wires  of  the  external 
circuit  The  commutator  springs  of  the  working  armature  can  be  adjusted  so  as  to 
draw  off  at  pleasure  a  direct  or  an  alternating  current,  thus  bringing  the  instrument 
under  Class  III  or  Class  II,  as  may  be  desired. 

The  mechanical  details  of  the  gearing  are  novel  and  ingenious.  One  turn  of  the 
crank  gives  15  5  turns  of  the  compound  armature;  and  a  speed  of  1,000  revolutions 
per  minute  for  the  latter  can  easily  be  maintained. 

To  determine  the  power  of  the  Ladd  machine  in  electrical  units,  resort  was  had 
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in  March,  1876,  to  the  method  of  testing  with  tangent  galvanometer  and  condenser 
combined,  which  has  been  fully  described  when  discussing  the  Gramme  machine. 
The  following  results  were  obtained  by  this  plan : 

Obsertationa  tcith  the  Ladd  mackine. 
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The  last  three  cohunns  of  this  table  merit  special  attention.  The  first  is  derived 
from  the  uniform  deflection  of  the  needle  of  a  tangent  galvanometer,  around  the  coiU 
of  which  the  current  was  flowing.  This  needle  was  so  heavy  that  it  failed  to  respond 
to  instantaneous  changes  in  the  strength  of  current,  and  thus  measured  the  average 
current,  and  hence  indirectly  the  average  electro-motive  force  developed.  The  last 
two  columns  are  derived  from  the  discharge  of  a  condenser;  and  thus  represent  the 
subtile  variations  in  electro-motive  force  caused  by  the  fact  that  the  current  is  not 
uniform,  but  simply  a  succession  of  waves  following  each  other  in  the  same  direction. 
That  the  numbers  are  constantly  varying,  and  not  infrequently  negative,  suggests  an 
explanation  for  what  is  well  known  in  practice,  viz:  that  apparatus  which  requires  a 
commutator  is  not  so  well  suited  for  the  deposition  of  metals  as  the  Gramme  class. 

Anothei-  important  principle  connected  with  dynamo-electric  apparatus  is  illus- 


DYNAMO-ELBOTBIO  APPAEATUS. 


287 


trated  by  this  table.  The  current  generating  the  magnetic  field  of  force  is  distinct 
fix)m  that  available  for  external  work;  but  still  the  electro-motive  force  of  the  latter  is 
plainly  an  increasing  function  of  the  external  resistance.  This  should  be  so,  because 
when  a  strong  curi'ent  is  flowing  through  the  working  armature  it  reacts  powerfully 
by  induction,  and  thus  reduces  the  intensity  of  the  magnetic  field  and  hence  is  itself 
reduced.  With  a  large  external  resistance,  and  hence  a  feeble  current  through  the 
working  armature,  the  reaction  is  less.  The  following  table,  abstracted  from  the 
last,  places  this  matter  in  a  clear  light;  and  proves  that  for  use  with  a  small  external 
resistance,  the  field  of  force  armature  in  the  Ladd  machine  might  advantageously  be 
made  larger  and  stronger: 

Analysis  of  last  table. 
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It  remains  to  consider  what  value  of  £  should  be  adopted  in  an  equation  to 
represent  the  fuze  igniting  power  of  this  machine. 

The  external  resistance  in  fuze  firing  is  usually  large  enough  to  ensure  a  strong 
field  of  force,  and  hence  a  relatively  high  value  of  E,  the  numerical  measure  of  which 
it  was  thought  could  best  be  fixed  by  direct  experiment  At  about  1,000  revolutions 
of  the  armature  per  minute,  the  service  fuze  exploded  through  14  ohms  unplugged  in 
the  circuit,  and  failed  through  15  ohms.     Hence: 

E  =  0.5  (0.14  +  14.8)  =  7.5  volts. 

This  value  is  perfectly  consistent  with  the  foregoing  tables,  and  has  been  adopted ; 
giving  for  the  fuze  firing  formula,  with  1,000  revolutions  per  minute: 


C  = 


7.5 


0.14 +  R„ 


This  equation  indicates  that  the  machine  will  fire,  with  certainty,  five  service 
low-tension  fuzes  coupled  in  series  on  short  circuit,  which  is  confirmed  by  experiment. 
A  single  fuze  can  be  fired  through  a  resistance  of  about  14  ohms. 

The  SiemenB  Cnrrent  Machine.— This  instrument  is  designed  to  fire  single  low-tension 
fiizes  without  a  discharging  key.  It  is  exceedingly  neat  and  portable,  weighing  only 
32  pounds.     The  case  is  9  by  7  by  12  inches  high. 

The  apparatus  consists  of  a  soft  iron  magnet  wrapped  with  1.95  ohms  of  copper 
wire  of  No.  17  B.  W.  G.     The  poles  nearly  envelop  a  Siemens  armature  wrapped 
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with  0.49  ohms  of  the  same  gauge  of  copper  wire.  The  craiik  is  so  geared  to  the 
armature  as  to  give  10.8  revolutions  for  every  turn,  enabling  a  speed  of  1,500  revolu- 
tions per  minute  to  be  readily  obtained. 

The  electrical  connection*  (Plate  XXV,  Fig.  2)  constitute  the  peculiar  feature  of 
the  machine.  Each  terminal  binding  post  is  united  directly  with  one  end  of  the 
magnet  wrapping,  and  with  one  of  the  commutator  springs.  The  external  circuit 
thus  constitutes  a  shunt  to  the  magnet  circuit  From  the  general  theory  of  derived 
circuits,  the  effective  current  in  the  exterior  circuit  (C„)  may  be  expressed  by  the 
following  formula,  when  the  armatnre  is  revolving  steadily  and  with  sufficient  speed 
to  produce  magnetic  saturation  in  the  magnet  cores.  The  resistance  in  ohms  in  the 
magnet  circuit  is  represented  by  nt: 

E 


C, -- 


R,+ 


mR, 


X 


m  +  R,, 


This  peculiar  arrangement  of  the  magnetizing  and  of  the  working  circuits  ren- 
dered the  macliine  an  interesting  subject  of  study;  and,  in  March,  1876,  its  power  was 
tested  with  considerable  care.  The  combined  galvanometer  and  condenser  method 
used  with  the  Gramme,  gave  the  following  resulta  The  formulae  by  which  the  values 
of  E  and  C„  were  computed,  are  discussed  below^ — see  also  Plate  XXVL 

Observations  with  the  Siemens  current  machine. 
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Observations  toith  the  Siemens  current  machine — OontmaecL 
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I'he  efficacy  of  this  machine  must  evidently  depend  upon  a  skilful  application  of 
the  laws  of  derived  circuits,  since  the  strength  of  the  magnetic  field  of  force  is 'governed 
by  the  amount  of  current  which  is  drawn  naturally  through  the  coils;  and  hence,  in 
winding  the  magnets,  the  resistance  of  the  latter  should  be  regulated  by  the  probable 
resistance  to  be  used  in  the  fuze  circuit 

The  conditions  to  be  fulfilled  are  plainly  indicated  by  the  general  formula  given 
above.  The  only  unknown  quantity  in  its  second  number  is  E.  This  must  evidently 
be  an  increasing  function  of  R,,,  since,  if  that  quantity  be  zero,  no  current  will  circu- 
late through  the  magnet  coils,  and  £  must  be  zero.  The  measurements  were  planned 
to  reveal  the  law  of  increase.  The  direct  determination  by  the  condenser  failed,  by  , 
reason  of  the  pulsating  nature  of  the  current  given  by  the  Siemens  armature — which 
has  already  been  pointed  out  in  discussing  the  Ladd  and  Farmer  machines.  This 
difficulty  was  obviated  by  computing  the  value  of  E  for  each  observation  by  the 
general  formula  above  given ;  in  which  it  is  the  only  unknown  quantity.     The  results 

are  shown  in  the  sixth  column,  and  they  exhibit  the  law  very  plainly.     Until  the 
No.  23 37 
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exterior  circuit  is  increased  to  about  0.8  ohms,  no  magnetic  field  of  force  is  produced. 
Above  this  amount,  E  increases  at  first  very  rapidly  and  then  more  slowly  until  the 
exterior  circuit  becomes  about  equal  to  the  resistance  of  the  magnet  coils  (1.95  ohms), 
when  it  becomes  sensibly  constant  and  equal  to  obout  6.8  volts. 

Hence  the  working  equation  may  be  found  by  assuming  E  to  be  6.8  volts, 
substituting  the  known  values  of  the  other  constants  in  the  general  formula,  and 
reducing.  Ignoring  decimals,  this  method  gives  the  following  equation  for  this 
individual  machine : 

r  _     10+5  R„     _5(R„+2) 
"~R,/+2  R„+l-  (R„+l)* 

The  values  of  C„  in  the  seventh  column  of  the  foregoing  table  are  computed  by 
this  formula,  and  their  remarkable  agreement  with  the  corresponding  measurements 
shown  by  the  fifth  and  eighth  columns,  establishes  the  fact  that  the  machine  works 
strictlyin  accordance  with  its  mathematical  theory. 

The  largest  available  current  at  a  speed  of  1,500  revolutions  of  the  armature  is 
about  2.6  webers,  showing  (since  the  two  circuits  are  then  equal  in  resistance)  that 
the  magnet  requires  a  like  current  to  develop  the  full  power  of  the  machine,  which 
then  generates  about  5  webers.  A  service  platinum  fuze  can  be  exploded  through 
about  13  ohms. 

If  it  be  desired  to  fire  several  fuzes  simultaneously  with  this  apparatus,  an 
exterior  circuit  of  about  1.5  ohms,  so  arranged  as  to  be  readily  broken  to  shunt  the 
current  through  the  group,  should  be  provided. 

From  the  foregoing  data,  and  general  electrical  principles,  it  would  be  easy  to 
compute  the  dimensions  of  a  machine  of  this  pattern  to  supply  any  desired  current 

The  HochhEOHn  Machine— This  apparatus,  the  most  recently  devised  of  any  to  be 
'here  described,  is  an  ingenious,  compact,  and  serviceable  instrument  It  weighs 
eighty-four  pounds,  and  is  contained  in  a  box  12  by  11  by  12  inches  in  size. 

It  contains  (Plate  XXV,  Fig.  3)  six  soft  iron  electro-magnets,  so  secured  that  the 
poles  lie  on  two  concentric  circles  and  alternate  in  polarity.  The  coils  of  these 
magnets  are  united  in  series,  the  terminals  being  connected  to  two  opposite  commu- 
tator half-plates,  which  will  soon  be  described.  The  wire  is  of  copper,  of  No.  18  R 
W.  Or.,  with  a  total  resistance  of  12.3  ohms,  or  about  2  ohms  to  each  magnet  The 
poles  project  about  2  inches  beyond  their  coils. 

An  axis,  central  to  the  magnets,  is  geared  to  a  crank  so  as  easijy  to  give  a  speed 
of  about  425  revolutions  per  minute — 3.2  turns  of  the  axis  to  one  of  the  crank. 

A  circular  plate  of  brass,  perpendicular  to  this  axis,  is  rigidly  attached  to  revolve 
just  in  front  of  the  magnetic  poles.  It  carries  fourteen  soft  iron  armatures,  so  placed 
as  to  pass  close  between  and  to  overlap  the  projecting  poles  of  the  magnets.  These 
armatures  are  each  wrapped  with  1.1  ohms  of  copper  wire  of  No.  20  B.  W.  G.    They 
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are  coupled  by  their  inner  wires,  two  and  two,  on  diameters  of  the  brass  circle,  thus 
forming  seven  separate  circuits,  each  containing  two  coils  which  must  always  be 
approaching  and  receding  from  similar  magnetic  fields  at  the  same  time ;  they  are 
wound  so  as  to  send  their  induced  currents  in  the  same  direction,  thus  making  each 
of  the  seven  circuits  analogous  to  two  cells  coupled  in  series.  The  outer  wires  of  the 
coils  are  attached  to  insulated  brass  segments  on  the  axis,  each  pair  on  opposite  sides 
of  the  axis. 

The  commutator  is  a  novel  feature  of  the  machine.  It  consists  of  six  insulated 
metallic  plates  placed  opposite  the  intervals  between  the  magnets  on  a  sheet  of 
ebonite,  and  abutting  against  springs  projecting  from  the  revolving  ends  of  the 
segments  The  first,  third,  and  fifth  of  these  plates  are  united  by  a  brass  strip  and 
connected  with  one  of  the  terminal  binding  posts.  The  other  three  in  like  manner  are 
extended  to  the  other  post.  The  width  of  the  plates  is  sufficient  to  slightly  overlap 
two  adjacent  segments,  which  give  currents  moving  in  the  same  direction,  since  one  is 
leaving  and  the  other  other  approaching  i(nagnets  of  opposite  polarity. 

To  supply  the  magnetic  fields,  two  of  the  opposite  commutator  plates  are  each 
cut  into  two  insulated  halves ;  and  the  current  jfrom  each  of  the  two  coil  circuits  is 
thus  successively  sent  at  each  revolution  for  an  instant  through  the  magnet  circuit, 
which  as  already  stated  is  connected  with  two  of  the  opposite  half  commutator  plates. 
The  current  drawn  off  by  the  other  half  plates  reinforces  the  main  current,  as  above 
indicated. 

Since  the  different  pairs  of  coils  at  any  given  instant  are  moving  in  different 
positions  in  the  magnetic  field,  some  of  the  induced  currents  are  increasing  as  others 
are  decreasing.     Increased  steadiness  in  the  combined  current  is  thus  secured. 

In  fine,  then,  the  electrical  arrangement  is  analogous  to  a  battery  containing 
seven  groups  of  two  cells  each.     One  group  feeds  the  magnets ;  and  the  other  six, « 
connected  in  multiple  arc,  supply  the  working  current  for  the  exterior  circuit. 

The  method  adopted  (April,  1876)  for  testing  this  instrument  was  that  used  with 
the  others  of  its  class,  and  which  has  been  fully  detailed  when  discussing  the  Gramme 
machine  (page  275).  The  following  table  exhibits  the  results,  R,  being  0.87  ohms. 
The  figures  indicate  certain  peculiarities  of  the  machine  which  require  graphic  illus- 
tration, and  this  has  been  attempted  by  figure  3,  Plate  XXVI.  By  studying  these 
curves  in  connection  with  the  text  following  the  table,  and  comparing  them  with  those 
of  figure  2  of  the  same  plate,  which  illustrates  the  working  of  the  Siemens  cun*ent ' 
machine,  a  clear  idea  can  be  formed  of  the  practical  effect  of  the  difference  in  elec- 
trical principles  embodied  in  these  apparatus. 
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Obgervatiom  tcitk  the  Sochhatuen  machine. 
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This  table  indicateB  some  curious  facts  respecting  the  working-  of  the  instrument 
As  usual,  an  increase  in  tlie  speed  of  rotation  of  the  armature  gives  an  increased  cur- 
rent, which  implies  an  increased  electro- motive  force;  but  no  attempt  was  made  to 
reduce  this  law  to  figures,  on  account  of  the  peculiar  changes  indicated  in  the  latter 
quantity  as  the  external  resistance  was  increased,  the  speed  remaining  the  same. 

The  condenser  measurements  show  a  greater  constancy  in  E  than  is  usually 
obtained  with  a  Siemens  armature,  but  one  far  below  that  given  by  the  Gramme 
class;  but  the  variation  revealed  by  the  first  seven  observations,  when  the  extemal 
circuit  was  open,  proves  that  very  numerous  records  would  be  needed  to  arrive  at 
definite  conclusions  as  to  the  numerical  value  of  the  electro-motive  force  by  this  plan. 

The  galvanometer  measurements  are  accordant  among  themselves,  and  indicate 
the  usual  law  of  decrease  in  current  as  R„  increases.  The  different  values  of  E 
given  by  this  method,  however,  are  peculiar  and  not  easily  explained.  They  reveal 
a  normal  increase  as  the  external  resistance  increases,  up  to  about  8  ohms ;  when  a 
maximum  (about  11  volts)  appears  to  be  reached.  Beyond  this  point  the  electro- 
motive force  gradually  falls  off,  until  at  20  ohms  it  is  about  the  same  as  on  short  cir- 
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cuit.  This  anomalous  result  is  confirmed  by  the  condenser  records,  which  suggest  a 
very  low  value  for  an  open  exterior  circuit,  when,  by  the  usual  law  governing  double 
current  machines,  it  should  be  high. 

The  power  of  the  instrument  for  firing  low-tension  fuzes  is  the  following :  With 
425  revolutions  of  the  armature,  a  single  service  fuze  may  be  exploded  through  a 
resistance  of  about  15  ohms ;  and  with  the  maximum  speed,  700  revolutions,  through 
35  ohms.  A  still  further  increase  of  power  may  be  obtained  by  using  a  key  so 
arranged  as  to  break  an  external  circuit  (about  a  couple  of  ohms)  when  the  maximum 
speed  has  been  secured,  and  thus  to  switch  the  current,  reinforced  by  an  extra  spark, 
into  the  fuze  circuit.  If  fuzes  in  series  are  to  be  fired,  this  plan  should  always  be 
employed ;  but  the  machine  is  hardly  suited  for  such  work. 

The  Modified  Wild  Maohine.— This  instrument  was  of  quite  a  different  character  from 
any  of  the  preceding,  being  driven  by  a  steam  engine  and  designed  to  supply  a  cur- 
rent of  enormous  quantity.  It  was  made  by  the  Laflin  &  Rand  Powder  Company, 
and  was  tested  at  their  works  at  Wayne,  N.  J.,  in  March,  1876. 

It  weighed  900  pounds,  and  occupied  a  space  of  34  by  14  by  42  inches  in 
height.  It  was  claimed  that  with  l-horse  power,  about  1,500  revolutions  per  minute 
could  be  given  when  working  on  short  circuit. 

In  principle  it  was  identical  with  the  Wild  machine ;  but  the  permanent  magnets 
were  replaced  by  an  electro-magnet  actuated  by  a  small  Siemens  armature,  which 
supplied  the  cuiTent  for  creating  the  two  independent  magnetic  fields  of  force  in 
which  it  and  the  working  Siemens  armature  revolved.  Both  armatures  were  geared 
by  separate  belts  to  the  shafting,  and  were,  of  course,  quite  distinct  from  each  other. 

The  small  armature  was  10  inches  long  by  2  J  inches  in  diameter,  and  was  wound 
with  Lake  Superior  copper  wire  of  No.  12  B.  W.  G.  Its  magnet  was  wound  with 
No.  5,  and  the  main  magnet  with  No.  8  copper  wire  of  the  same  gauge. 

The  working  armature  was  20  inches  long  by  4  inches  in  diameter ;  and  was 
wound  with  30  pounds  of  a  square  copper  rod  about  0.2  inches  on  the  edge,  and 
insulated  with  silk  ribbon.  Its  length  was  about  190  feet  and  its  resistance,  at  54° 
Fahr.,  was  0  0428  ohms.  The  secret  of  the  power  of  the  machine  lay  in  this  excess- 
ively small  internal  resistance,  which  made  its  whole  energy  available  for  the  external 
circuit 

Wheatstone^s  method  was  employed  (to  measure  the  electro-motive  force,  the 
standard  of  comparison  being  six  Daniell's  cells  freshly  set  up  with  pure  chemicals, 
and  compared  with  a  Clark  standard  cell  by  Law's  method.  Very  long  leading  wires 
were  used  to.  avoid  any  magnetic  disturbance  of  the  needle  of  the  galvanometer, 
which  was  a  good  instrument,  having  a  resistance  of  about  30  ohms  and  a  well  deter- 
mined weber  coefficient.  The  following  table  exhibits  the  data  thus  obtained,  and  a 
comparison  of  the  results  with  the  indications  of  the  formula  given  below : 


IGNITDTO  APPARATUS. 


Obiervatiinu  with  the  modified  Wild  maekine. 
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sis  of  the  data  in  the  first  seven  columns  of  this  table  proves  that,  for  a 
resistance,  this  instrument  follows  the  usual  law — t  e.,  for  ranges  usual 
e  electro-motive  force  is  directly  proportional  to  the  speed  of  revolution 
re.     Its  equation  appears  to  be  the  following : 

C-  0-Q^395  T 
~  0.043  +  R„ 
two  columns  show  that  this  equation  accords  well  with  the  observations, 
current  generated  by  the  small  armature  be  sufficient  to  maintain  a 
of  force  for  the  working  armature  when  the  external  resistance  is  reduced 
achine,  at  I,-'iOO  revolutions  per  minute,  is  capable  of  yielding  under  an 
I  force  of  about  36  volts  the  enormous  current  of  835  webers.  It  is, 
1  suited  for  work  requiring  great  strength  of  current  and  comparatively 
:es  of  potential. 

VOLTAIC  BATTERIES. 

Every  class  of  igniting  apparatus  heretofore  considered  requires  the  act  of  an 
intelligent  agent  to  determine  the  explosion  ;  and  most  of  them  call  for  the  continuous 
expenditure  of  mechanical  power  to  maintain  the  needful  supply  of  electricity  during 
any  delay  that  may  occur  in  giving  the  word  to  fire. 

In  the  voltaic  battery,  not  only  is  a  reserve  fund  of  potential  energy  always 
available  for  instantaneous  use,  but  also  by  suitable  contrivances  the  action  may  be 
made  purely  automatic.  Uuman  agency  and  human  fallibility  are  thus  in  a  measure 
eliminated. 

These  advantages  are  decisive  in  submarine  mining,  and  voltaic  batteries  will 
probably  never  have  a  rival  for  this  class  of  work. 

The  varieties  of  voltaic  cell  are  very  numerous,  and  they  differ  among  themselves 
in  electro-motive  force,  in  internal  resistance,  and  in  constancy  of  action.  For  any 
particular  use,  therefore,  a  wide  range  is  offered  for  judicious  selection. 

Four  distinct  classes  are  needed  in  the  Torpedo  Service:  (1)  Firing  batteries, 
which  must  possess  a  high  electro-motive  force  and  a  low  resistance  in  order  to  send 
a  strong  current  through  a  long  length  of  cable.     The  action  being  instantiuieous, 
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constancy  is  of  little  importance.  (2)  Signal  batteries,  which  must  send  a  current 
through  the  circuit  too  feeble  to  ignite  the  fuze,  but  sufficiently  powerful  to  operate 
electro-magnets  in  the  casemate.  If  the  circuit  be  closed  and  of  low  resistance,  they 
must  supply  a  constant  current ;  but,  if  open,  this  condition  is  not  essential.  (3) 
Testing  batteries,  designed  for  the  measurement  of  resistance  and  electro  motive  force. 
If  the  former  be  small,  as  in  the  case  of  conductors,  a  chief  merit  is  to  exact  little 
attention  to  keep  in  order ;  but  far  insulation  tests  a  high  electro-motive  force  is  also 
an  essential  condition.  For  measuring  electro-motive  force  absolute  constancy  in  this 
element  is  to  be  desired.  (4)  Batteries  for  the  electric  light  Here,  high  electro- 
motive force,  low  internal  resistance,  and  great  constancy  of  action  are  indispensable^ 

These  considerations  make  it  evident  that  every  variety  of  battery  is  of  interest 
in  the  study  of  submarine  mining,  and  they  have  received  great  attention  at  Willets 
Point  Although  many  types  are  not  suited  for  actual  firing,  all  have  an  indirect 
bearing  upon  the  subject,  and  hence  will  be  treated  in  this  chapter. 

The  mathematical  and  chemical  theories  of  the  voltaic  cell  are  so  well  understood 
that  they  require  no  notice  here ;  especially  as  the  whole  subject  is  fully  discussed  in 
our  Manual  for  Submarine  Mining.  Attention,  therefore,  will  be  restricted  to  the 
experimental  researches  conducted  at  Willets  Point. 

These  researches  have  been  directed  to  determine :  (1)  the  electro-motive  force 
and  internal  resistance  of  the  several  elements ;  (2)  the  constancy  of  the  current  which 
can  be  derived  from  each  type  when  acting  through  a  circuit  suited  to  its  class ;  (3) 
the  rate  of  deterioration  likely  to  be  developed  by  service ;  (4)  characteristic  peculiar- 
ities of  the  several  cells;  (5)  the  best  mode  of  reducing  defects  which  cannot  be 
Entirely  overcome. 

Electro-motive  force  (in  volts)  has  usually  been  measured  by  direct  condenser 
comparisons  with  standard  Clark  cells  in  perfect  order.  The  strength  of  current  (in 
webers)  has  been  obtained  either  from  the  deflections  of  a  Helmholtz-Gaugain  gal- 
vanometer, of  which  the  coefficient  is  accurately  known,  or  by  a  condenser  deter- 
mination of  the  difference  of  potential  between  points  of  the  circuit  between  which 
the  resistance  in  ohms  was  carefully  measured.  Internal  resistance  has  usually  been 
determined  either  by  Mance's  method  or  by  noting  with  a  condenser  the  fall  in 
potential  between  the  poles,  caused  by  suddenly  closing  the  circuit  through  a  known 
external  resistance.  Standard  coils  (in  ohms),  made  by  Elliott  Bros.,  of  London, 
have  been  employed  in  all  measurements  of  resistance.  In  a  word,  use  has  been 
made  of  none  but  the  best  instruments  and  the  best  methods. 

By  modifying  the  size  of  the  cell  and  the  dimensioQs  and  relative  positions  of  the 

plates,  the  internal  resistance  may  be  made  to  vary  within  wide  limits.     Hence, 

although  the  electro-motive  force  is  quite  independent  of  these  arrangements,  batteries 

•  of  any  particular  type  may  be  arranged  to  serve  very  different  practical  purposes. 
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For  this  reason  each  type  will  be  treated  by  itself,  the  internal  reaistaoce  being 
regarded  simply  as  a  basis  for  subordinate  classification. 

In  like  manner,  to  secure  great  constancy  of  action,  cells  are  sometimes  set  np 
with  the  positive  and  negative  plates  in  diiFerent  fluids  separated  by  a  porous 
diaphragm.  This  an'angement  increases  the  internal  resistance ;  but,  although  chem- 
ically very  different,  it  hardly  modifies  the  practical  working  sufficiently  to  constitute 
a  primary  basis  of  subdivision. 

In  a  word,  to  avoid  needless  repetition  in  the  following  analysis,  cells  closely 
allied  to  each  other  will  usually  be  grouped  under  a  single  heading,  characteristic  of 
the  class. 

The  Nitric  Add  Cell— twoflnid.— When  a  very  strong  and  constant  current  is  needed— 
as,  for  example,  to  produce  the  electric  light — this  class  is  so  much  superior  to  all 
others  as  to  have  no  rival. 

The  zinc,  well  amalgamated,  is  placed  in  a  strong  mixture  of  sulphuric  acid  and 
water — say  one  part  to  eight  parts — and  the  negative  plate,  separated  therefrom  by  a 
porous  cup,  is  placed  in  commercial  nitric  acid.  The  cell  owes  its  strength  to  the  Ligh 
electro-motive  force  of  the  combination,  and  to  the  very  perfect  depolarization  of  the 
negative  plate.  The  endurance  depends  upon  the  volumes  of  the  liquids ;  and  tiie 
internal  resistance,  upon  the  size  of  the  plates  and  the  material  of  the  porous  cup. 

The  objections  to  the  cell  are  the  stifling  fumes  of  nitric  peroxide  which  rise 
from  the  fluid  round  the  negative  plate,  and  the  troublesome  action  of  the  nitric  acid 
whicli  passes  through  the  porous  cup  and  attacks  the  coat  of  mercury  protecting  the 
zinc,  thus  rendering  the  cleaning  and  re-amalgamation  a  tedious  process. 

There  are  several  varieties  of  this  cell  in  common  use.  Thus,  if  the  negative 
plate  b«  composed  of  platinum,  it  is  known  by  the  name  of  its  inventor,  Grove;  and 
if  of  carbon,  by  that  of  Bunsen.  To  reduce  the  fumes,  the  nitric  acid  is  sometimes 
filtered  through  crystals  of  potassium  bichromate,  as  suggested  by  Ruhmkorff,  a 
device  which  for  a  time  serves  a  useful  purpose.  Another  modification  is  to  mix 
equal  parts  of  sulphuric  acid  with  the  nitric  acid,  which  tends  to  absorb  the  water 
formed  by  the  action  of  the  cell,  and  thus  to  preserve  the  sti-ength  of  (he  depolarizing 
agent.  Still  another  modification  is  to  add  to  the  Ruhmkorff  compound  one-third  its 
volume  of  sulphuric  acid,  with  just  enough  water  to  dissolve  any  precipitated  chromic 
acid.     These  modifications  are  all  improvements  upon  the  simple  nitric  acid  cell. 

Three  different  sizes  of  Grove  cell  have  been  much  used  in  these  researches- 
The  electro-motive  force  of  all  of  them  where  freshly  set  up  may  be  considered  "3 
volts  without  sensible  error. 

A  compact  pattern,  made  by  Ladd,  of  London,  consists  of  an  ebonite  cup  2  by 
3  by  4.7  inches  deep  The  zinc  is  flat,  but  bent  so  as  to  enclose  a  rectangular  porous 
cup  of  red  earthenware,  which  is  thin  and  easily  permeated  by  the  fluid.     About  18 
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square  inches  of  platinum  surface  and  40  squara  inches  of  zinc  surface  are  immersed 
in  the  fluids.  The  internal  resistance  of  this  cell  is  about  0.15  ohms;  the  platinum  of 
one  cell  is  held  by  a  clamp  to  the  zinc  of  the  next;  and  the  arrangement  is  compacts 
easily  manipulated,  and  capable  of  furnishing  a  strong  current  which  will  maintain  the 
electric  light  continuously  for  three  or  four  hours  without  fresh  acid.  The  cells  are 
placed  by  tens  in  convenient  boxers,  ten  of  which  coupled  in  series  are  well  suited  for 
this  use  in  submarine  mining. 

Another  pattern,  often  used  in  low -tension  fuze  testing,  consists  of  a  small  cylin,- 
drical  glass  jar  containing  a  cylindrical  zinc  2.7  inches  in  diameter  and  4  inches  deep, 
exposing  60  square  inches  to  the  fluid.  A  cylindrical  porous  cup  of  white  earthen- 
ware is  surrounded  by  this  zinc.  The  platinum  is  curved  in  form,  and  exposes  16 
square  inches  to  the  fluid.  It  is  attached  to  an  ebonite  cover,  which  serves  in  some 
degree  to  confine  the  fumes;  and  three  cells,  the  usual  number,  may  be  used  without 
serious  annoyance,  near  the  instruments.  The  internal  resistance  of  this  cell  is  about 
0.08  ohms. 

The  third  pattern  was  formerly  much  used  in  this  country  for  telegraphy.  The 
jar  is  of  glass,  4  inches  in  diameter  and  4  inches  deep.  The  zinc  is  a  stout  cylinder, 
exposing  40  square  inches  of  surface  to  the  fluid;  it  carries  an  arm  projecting  over 
the  next  cup,  to  the  end  of  which  a  platinum  strip  is  soldered.  The  latter  exposes  4 
square  inclies  to  the  fluid.  The  porous  cup  of  red,  earthenware  rests  within  the  zinc, 
and  is  very  permeable.  The  internal  resistance  of  this  pattern  is  about  0.3  ohms;  and 
the  whole  arrangement  is  exceedingly  convenient  for  general  laboratory  use. 

The  pattern  of.  Bunsen  cell  uniformily  employed  has  been  that  common  in  our 
market.  The  jar  is  of  glass,  6.5  inches  in  diameter  and  i*  inches  high.  The  zinc, 
cylindrical  in  form,  surrounds  the  porous  cup  of  white  earthenware,  and  exposes  190 
square  inches  to  the  fluid.  The  negative  plate  is  a  prism  of  carbon  0.8  by  2  by  9 
inches,  exposing  42  square  inches.  It  is  well  to  immerse  the  upper  part  in  melted 
paraffine  for  a  few  minutes,  to  prevent  the  infiltration  of  the  acid  and  the  consequent 
upward  creeping  of  the  salts  and  corrosion  of  the  clamp.  The  internal  resistance  of 
this  cell  is  rather  less  than  O.l  of  an  ohm,  ^hefu  freshly  set  up. 

This  latter  cell  was  tested  for  prolonged  endurance  when  working  continuously 
on  an  exterior  resistance  of  0.263  ohms,  including  the  galvanometer.  Three  ari'ange- 
ments  were  tried — carbon  in  commercial  nitric  acid,  zinc  in  i  sulphuric  acid  and 
water;  carbon  in  commercial  nitric  acid  filtered  to  saturation  through  crystals  of 
potassium  bichromate,  with  1  fluid  ounce  of  sulphuric  acid  added,  zinc  in  ~  sulphuric 

acid  and  water;  and  carbon  in  the  same,  zinc  in  a  saturated  solution  of  common  salt 

(J  pound  of  salt  to  40  fluid  ounces  of  water).     The  electro-motive  force  with  these 

solutions  before  the  circuit  was  closed,  was  respectively  1.945,  1.980,  and  1.970  volts. 

At  the  end  of  the  trials  this  quantity  had  fallen  to  0.13,  0.53,  and  O.ll  volte  respect- 
jjo,  23 39 
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ively,  no  time  being  allowed  for  pai'fial  recover}'.  The  following  table  exhibits  tlic 
cliaracteriHtic  results  of  these  tests,  many  intermediate  observations  being  omitted  as 
superfluous.     They  are  also  shown  to  the  eye  on  Plate  XXVII: 

Endurance  of  the  nitrK  acid  cell — icorkintf  on  0.2G3  oAtfw. 
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The  following  notes  contain  information  respecting  these  trials,  which  could  not 
conveniently  be  tabulated. 

The  Brst  cell  (ordinary  Bunsen)  did  not  fume  badly  until  four  or  five  hours  aftiii 
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the  circuit  was  closed.  In  about  twenty-four  hours,  dark  spots  began  to  form  on  the 
zinc  and  the  escape  of  bubbles  of  oxygen  ceased.  In  about  thirty-six  houi-s,  the  fluid 
outside  the  porous  cup  became  clouded  and  a  gray  salt  began  to  deposit  near  the  slit 
in  the  zinc.  This  was  about  1.5  inches  thick  when  the  trial  ceased.  The  heating  and 
gradual  cooling  of  the  fluid,  and  the  steady  increase  of  internal  resistance,  were  note- 
worthy features. 

In  the  second  trial  (nitric-bichromate  and  sulphuric),  the  outer  fluid  began  to 
discolor  in  a  couple  of  hours,  and  fumes  were  first  noted  after  nine  hours  of  work.  A 
solid  deposit  appeared  on  tlie  Ijottom  of  the  cell  in  twenty -two  hours,  and  gradually 
increased  until  it  finally  became  more  than  2  inches  thick.  The  zinc  also  was  coated 
with  crystals  of  sulphate  of  zinc. 

In  the  third  trial  (nitric  bichromate  and  common  salt),  the  fumes  did  not  become 
annoying  until  eleven  hours  after  the  circuit  was  closed.  The  solid  on  the  bottom  of 
the  cell  began  to  deposit  in  about  twenty-four  hours;  and,  at  the  end,  was  fully  3 
inches  thick,  being  packed  so  closely  between  the  zinc  and  porous  cup  as  to  require 
force  to  separate  them.  A  remarkable  reduction  of  current,  followed  by  a  gi*adual 
increase  and  succeeding  decrease,  will  be  noted  in  the  table. 

In  actual  service,  cells  will  rarely  if  ever  be  subjected  to  so  severe  a  test  as  in 
these  experiments;  and  they  show  conclusively  that  either  the  first  or  second  combina- 
tion will  give  a  strong  and  constant  current  for  about  eight  hours,  without  renewal  of 
the  fluids.     The  third  arrangement  is  not  to  be  recommended. 

The  Benton  Iron  Cell— two-fluid.— A  battery  capable  of  occasionally  supplying  a  mod- 
erately strong  current,  and  which  can  be  left  standing  without  the  destructive  local 
action  inherent  in  every  form  of  the  nitric  acid  cell,  is  sometimes  useful;  and  Colonel 
Benton  has  devised  the  following  pattern  to  meet  this  end: 

The  jar  is  of  cast  iron,  6J  inches  in  diameter  and  6J  inches  deep.  The  positive 
plate,  also  of  cast  iron  and  cylindrical  in  form,  exposes  140  square  inches  to  the  sur- 
rounding fluid,  which  consists  of  a  saturated  solution  of  sodium  chloride  (1  pound  to 
4|  pounds  of  water).  The  negative  plate  consists  of  a  carbon  slab,  0.8  by  2  by  9 
inches  long,  immersed  7  inches  in  a  porous  cup  of  white  earthenware  filled  with  the 
following  mixture:  6  ounces  of  peroxide  of  manganese,  6  ounces  of  broken  carbon,  8 
ounces  of  water,  5^  ounces  of  sulphuric  acid,  and  1  ^  ounces  of  a  saturated  solution  of 
potassium  bichromate  in  nitric  acid.  The  surface  of  the  carbon  plate  exposed  to  the 
fluid  is  40  square  inches.  The  internal  resistance  of  this  cell,  when  fresh,  is  0.18 
ohfiQs;  but  it  rapidly  increases  after  the  -circuit  is  closed.  .  The  electro  motive  force  is 
about  1.5  volts. 

To  determine  the  relative  capacity  of  this  element  for  hard  work,  as  c6mpared 
with  the  nitric  acid  cell,  the  following  measurements  were  made.  A  larger  external 
resistance  would  more  perfectly  have  tested  its  merits  for  the  object  for  which  it  was 


300 


IGNITING   APPARATUS. 


devised;  but  aa  I  desired  especially  to  learn  its  value  for  producing  the  electric  liglit, 
a  low  resistance  was  selected. 

Three  special  tests  were  made  with  this  cell  set  up  exactly  as  proposed  by  Colonel 
Benton.  In  the  first,  the  external  resistance  was  0.23  ohms,  or  about  equal  to  the 
internal;  and  in  the  second,  1.05  ohms,  or  about  five  times  this  quantity.  The  third 
tiial  was  made  to  teat  recuperative  power ;  the  cell  was  allowed  to  work  as  in  the  fii^t 
test  for  twenty  hours,  left  at  rest  for  forty-eight  hours,  and  then  set  at  work  again  on 
the  same  circuit  The  following  table  exhibits  the  results  of  these  trials ;  see  also 
Plate  XXVII : 

Endurance  of  the  Benton  irott  cell. 
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On  comparing  these  figures  with  those  on  page  298,  the  immense  superiority  of 
the  nitric  acid  cell  for  really  hard  work  is  apparent.  The  iron  cell  evidently  is  only 
suited  for  working  on  a  resistance  large  enough  to  reduce  the  current  say  to  a  quarter 
of  a  weber.  On  such  a  circuit,  especially  if  intermittent  work  only  be  required,  it 
serves  a  useful  purpose. 

The  peculiarity  of  the  cell  appears  to  be  the  rapid  increase  of  internal  resist«.nce, 
which  is  well  illustrated  by  the  third  trial  reported  in  the  last  table.  A  solid  deposit 
begins  to  form  at  the  bottom  of  the  jar,  and  in  the  pores  of  the  porous  cup,  shortly 
after  the  closing  of  the  circuit ;  and  it  appears  to  increase  while  the  work  continues. 
This  is  the  worst  feature  of  the  combination,  since  it  involves  frequently  washing  the 
porous  cup  in  dilute  muriatic  acid  to  prevent  the  steady  increase  of  internal  resistance 
noted  above.  When  only  occasional  work  is  required,  this  difficulty  is  less  trouble- 
some, as  there  is  an  evident  tendency  to  redissolve  during  intervals  of  rest. 

The  Chromic  Acid  Cell— two-fluid.— The  class  of  voltaic  cells  included  under  this  and  the 
next  heading  is  large  and  interesting,  being  exceptionally  well  suited  to  the  electrical 
ignition  of  fuzes.  The  chemical  reaction  is  so  intense,  and  the  depolarization  of  the 
negative  plate  so  perfect,  that  the  electro-motive  force  for  a  few  seconds  rather  exceeds 
that  of  the  nitric  acid  battery.  A  low  internal  resistance  is  easily  secured  by  a  suit- 
able adjustment  of  the  plates. 

The  marked  defects  of  the  combination  are  the  rapid  deterioration  of  the  fluid 
under  the  action  of  the  current,  and  the  deposition  of  chrome  alum.  The  advantages, 
the  high  electro-motive  force  and  the  entire  absence  of  fumes  or  corrosive  vapors. 

The  acid  is  usually  obtained  either  from  potassium  bichromate  or  from  calcium 
chromate ;  and  a  certain  per  cent,  of  sulphuric  acid  is  added  to  prolong  the  endurance 
of  the  fluid      Hot  water  is  used  as  the  solvent. 

The  first  series  of  trials  was  designed  to  determine  the  best  proportions  of  the 
component  parts  of  the  fluid,  concerning  which  diff^erent  authorities  are  at  variance. 
After  many  measurements,  the  details  of  which  it  is  not  necessary  to  report,  the 
following  formula  was  adopted  as  best  suited  for  use  in  submarine  mining  : 

To  1  gallon  of  boiling  water  add  6  pounds  of  potassium  bichromate.  After 
stiiring  about  fifteen  minutes,  add  4  gallons  of  cold  water  and  1  gallon  of  sulphuric 
acid  of  commerce  Stir  occasionally  until  all  the  bichromate  crystals  are  dissolved. 
This  mixture  may  be  procured  in  the  New  York  market  under  the  name  of  electro- 
poion  fluid. 
.     The  proportions  used  in  the  trials  of  the  calcium  chromate  fluid  were  the  same, 

m 

viz,  6  pounds  of  the  salt  dissolved  in  5  gallons  of  water  mixed  with  1  gallon  of  sul- 
phuric acid  of  commerce.  Only  the  clear  liquid  was  placed  in  the  cells.  The  chief 
advantage  of  this  solution  is  the  absence  of  the  troublesome  chrome  alum  crystals, 
deposited  upon  the  negative  plate  and  the  cell. 
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When  this  form  of  battery  is  used  on  a  closed  circuit  of  moderate  resistance,  a 
portion  of  the  fluid  in  the  porous  cup  should  be  renewed  about  once  in  two  days  and 
replaced  by  freifh ;  and  about  once  a  week  the  whole  solution  should  be  renewed 
The  change  of  color  from  a  rich  red  to  a  dirty  blue  indicates  when  the  strength  of 
the  fluid  is  exhausted.  Thus  treated,  this  element  may  be  usefully  employed  as  a 
signal  battery  in  submarine  mining  when  many  mines  are  operated  upon  a  closed 
circuit. 

The  cliromic  acid  cell  does  not  possess  sufficient  endurance  for  the  production  of 
the  electric  light  imless  two  batteries  are  employed,  switched  alternately  into  the  cir- 
cuit The  following  trials  were  made  in  January,  1877,  to  afford  a  direct  comparison 
with  the  experiments  upon  the  nitric  acid  cell  already  reported;  the  same  jar,  plates, 
outer  fluid,  and  external  resistance  being  used  in  each  set 
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By  comparing  this  table  with  that  on  page  298,  (see  also  Plate  XXVII),  tlie 
great  inferiority  in  strength  of  the  chromic  acid  cell  to  the  nitric  acid  cell  is  apparent. 
It  will  also  be  noted  that  they  differ,  both  in  the  rate  of  increase  of  internal  resistance 
and  in  respect  to  the  solid  deposit,  possibly  because  the  absolute  work,  and  hence  the 
consumption  of  zinc,  is  very  different. 

It  would  also  appear  that  for  use  in  a  two-fluid  cell  the  calcium  chromate  solu- 
tion is  slightly  inferior  in  endurance  to  the  potassium  bichromate  solution. 

The  Chromio  Add  Cell^ungle  fluid.— This  battery  combination  is  perhaps  the  best  of 
any  for  industrial  applications  requiring  the  ignition  of  low-tension  fuzes.  It  was 
employed  by  General  Newton  at  the  great  blast  near  Halletfs  Point,  in  1876;  and 
for  smaller  operations  it  is  second  in*  convenience  only  to  poiiable  dynamo-electric 
apparatus. 

The  action  of  the  bichromate  solution  (already  described)  upon  zinc  is  very 
intense ;  and  the  plates,  therefore,  should  be  immersed  only  at  the  moment  of  firing. 
There  are  many  devices  for  fulfilling  this  condition,  and  some  of  them  will  soon  receive 
notice;  but  attention. will  first  be  directed  to  certain  experiments  designed  to  measure 
the  rate  of  deterioration,  which  is  excessively  rapid  after  the  closing  of  the  circuit. 

Many  trials  were  made  with  this  object  in  view,  but  they  vfere  all  in  some  degree 
unsatisfactory,  owing  to  the  time  required  for  the  settling  of  the  galvanometer  needle 
after  the  circuit  was  closed.  The  time  needful  to  explode  fuzes  is  inappreciable  ;  but 
the  reduction  of  current  is  so  rapid  during  measurements,  that  the  thirty  seconds  or  more 
required  for  bringing  the  needle  to  rest  reduces  the  effective  strength  of  the  cell  to  an 
extent  which  can  hardly  be  calculated.  This  difficulty  was  overcome  in  the  following 
manner,  thanks  to  a  happy  suggestion  of  Lieut  S.  S.  Leach,  Corps  of  Engineers, 
when  serving  with  the  Battalion  of  Engineers,  in  January,  1877. 

The  glass  cover  of  the  galvanometer  was  removed,  and  a  small  rod  of  sealing- 
wax  was  attached  to  its  under  side.  The  length  was  sufficient  to  cause  it  to  touch  the 
side  of  the  needle,  which  could,  therefore,  be  deflected  mechanically  ta  any  desired 
reading  of  the  scale.  A  few  trials  made  it  easy  with  this  device  to  place  the  needle 
so  as  hardly  to  move  when  the  circuit  was  closed.  A  turn  of  the  glass  backward 
then  left  tlie  latter  free  to  gradually  fall  as  the  current  weakened.  By  combining  the 
use  of  this  contrivance  with  a  break  circuit  chronometer  and  chronograph,  the  follow- 
ing measurements  were  successfully  made : 

The  cell  contained,  immersed  in  a  large  volume  of  tlie  fluid,  a  carbon  and  a  zinc 
plate,  each  0.7  inches  by  2.7  inches,  exposing  3.78  square  inches  to  the  solution.  The 
distance  between  them  was  0  2  inches. 

The  electro-motive  force  before  the  circuit  was  closed  was  1.97  volts ;  and  the 
internal  resistance  increased  from  about  0.5  ohms  to  1.5  ohms  in  30  seconds,  the  potas- 
sium bichromate  and  thp  calcjuni  chromate  solutions  both  giving  identical  values  for 
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these  quantities,  as  nearly  as  could  be  measured.  The  external  resiatance  was  about 
0. 1  of  an  ohm  for  each  set  of  trials.  The  fluid  was  nearly  fresh  at  the  first  trial,  and 
was  renewed  at  the  third  trial  of  the  potassium  bichromate  solution  ;  for  the  calcium 
chromate  solution,  it  was  fresh  at  the  start  and  no  change  was  made.  The  intervals 
between  the  trials  (during  which  the  circuit  was  open)  were  about  five  minutes. 
Endurance  of  the  calcium  chromate  cell. 

SINGLE  FLUID. 


Time  liter  elmlnfl  ths  circuit 


111  IrUl.      ThiM  MmI.      Fourth  trtil.  '    Fifth  trial. 
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A  comparison  of  these  tables  indicates  that  at  first  the  two  solutions  are  pfaeti- 
cally  equal  in  strength,  but  the  calcium  chromate  seems  to  exhibit  more  endurance. 
The  figures  also  give  a  striking  proof  of  the  rapid  polarization  caused  by  continuous 
action.  In  thirty  seconds  one-half  of  the  original  strength  of  current  is  lost !  For 
firing  fuzes,  however,  this  is  a  matter  of  little  importance ;  since  the  work  is  done  in 
a  small  fraction  of  a  second  after  the  circuit  is  closed. 

The  next  trials  to  be  reported  were  designed  to  secure  data  for  devising  a  form 
of  this  battery  suited  for  use  in  a  self-acting  mine.  The  shock  of  the  vessel  striking 
the  torpedo  is  made  to  immerse  the  plates  in  the  fluid ;  but  as  the  blow  may  take 
effect  in  any  horizontal  direction,  it  is  not  easy  to  employ  cells  in  which  the  fluid  is 
entirely  separate.  The  problem,  therefore^  in  general  terms,  was  to  determine  to  what 
extent  use  might  be  made  of  the  fluid  resistance  to  increase  the  electro-motive  force 
of  several  sets  of  plates  plunged  in  a  single  fluid  receptacle. 

Several  different  arrangements  were  tried,  the  plates  being  of  platinum  foil  and 
zinc,  each  1 .5  inches  long  and  0.5  inches  wide,  and  wholly  submerged  in  the  potassium 
bichromate  solution  already  described. 

I.  When  eight  of  these  plates  were  coupled  by  connecting  wires  (platinum  to 
zinc)  in  separate  sets  of  two,  about  one-fourth  of  an  inch  apart, 
and  were  hung  over  an  ebonite  rod,  thus  forming  four  sets  of 

plates  in  the  same  cell  placed  edge  to  edge  and  alternately  zinc       ' O* 

and  platinum,  leading  wires  from  one  terminal  zinc  to  the  other  terminal  platinum 
failed  to  carrj'^  enough  current  to  fire  a  service  low-tension  fuze  in  the  circuit  j  i  ^, 
the  cuiTent  was  less  than  half  a  weber. 

II.  A  like  result  followed,  as  was  expected,  when  five  alternate  zinc  and  platinum 
plates  were   soldered  at   their  vertical  edges,  and 
were  placed,  zinc  opposite  platinum,  one-fourth  of 
an  inch  from  a  similar  compound  plate.  i— — — q- 

III.  This  plan  was  precisely  like  the  second,  only  the  first  compound  plate  was 
separated  into  three  parts  at  the  first  and  third 
junctions,  and  the  opposed  compound  plate  at  the 
second  and  fourth  junctions,  making  two  single 
and  four  compound  plates,  all  plunged  in  a  single  cell.  The  fuze  could  be  exploded 
with  1.6  ohms  unplugged  in  the  circuit.  The  electro-motive  force  of  this  combination, 
as  determined  by  Law's  method,  was  2. 1  volts,  showing  a  gain  in  potential  over  two 
single  plates  in  the  ratio  of  2.10  to  1.97,  or,  say,  one-eleventh. 

IV.  This  plan  was  like  the  last,  only  the  plates  were  stuck  to  glass  by  marine 

glue  instead  of  being  suspended  so  as  to  expose  both  surfaces  to  the  fluid,  thus 

reducing  the  surface  one-half.     The  fuze  could  be  fired  with  0.6  ohms  unplugged  in 

the  circuit,  showing  a  decided  loss  as  compared  with  the  last  plan.     The  electro^ 
No.  23 39 
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motive  force  of  this  combination  was  2.1  volts,  and  the  internal  resistance  was  2.6 
ohms.     Hence : 

which  confirms  the  accuracy  of  the  measurements,  since  this  strength  of  current  is 
required  to  explode  the  fuze. 

V.  The  next  trial  was  designed  to  determine  the  effective  value  of  two  single 
plates,  each  exposing  a  surface  equal  to  that  of  three  of  the  small  plates  used  in  the 
other  experiments — the  distance  between  them  being  a  quarter  of  an  inch.  The  fuze 
exploded  with  1.2  ohms  unplugged;  or  through  a  total  resistance  of  R,+0.8+0.3+ 
1.2=R,+2.3  ohms.  The  internal  resistance  was  1.7  ohms,  and  the  electro-motive 
force  1.97  volts. 

VI.  The  plates  were  next  united  by  wires,  zinc  to  platinum  as  in  the  first  trial, 
I  „      I  n     I  u    and  were  suspended  by  the  ebonite  rod  so  as  to  oppose  their  sides  to 

ri  — I   — I  h  ^^^^  other.     The  plates  united  by  wires  were  one  inch  apart,  and 
'  "     '  "      *"\  the  different  sets  were  one-fourth  of  an  inch  apart.     Single  plates, 
^  one  of  zinc  and  one  of  platinum,  were  placed  at  the  ends,  each 

opposed  to  and  one-fourth  of  an  inch  from  one  of  the  other  metal  of  the  coupled  plates. 
This  arrangement,  therefore,  was  precisely  like  ordinary  cells  coupled  in  series  with 
the  plates  one-fourth  of  an  inch  apart,  but  they  were  all  plunged  in  the  same  fluid. 
"With  five  pairs  of  plates  (four  united  by  wires  and  the  others  forming  the  separate 
terminals)  the  fuze  could  be  fired  with  1.6  ohms  unplugged;  with  thcee  paii*s  of  plates 
the  same  result  was  obtained  through  1.4  ohms;  with  two  pairs  of  plates,  through  1.2 
ohms ;  and  with  one  pair  of  plates,  through  0.8  ohms.  The  resistance  of  the  fuze 
being  0.8  ohms,  and  of  the  leading  wires  0.3  ohms,  the  total  resistance  in  these  three 
circuits,  respectively,  was  R,+2.7,  R,+2.5,  R,+2.3,  and  R,-fl.9  ohms.  The 
internal  resistance  with  three  pairs  of  plates  was  4.?>  ohms.  These  figures  show  a 
small  but  rapidly  decreasing  gain  from  increasing  the  number  of  pairs  of  plates. 

VII.  This  arrangement  was  precisely  like  the  last,  only  the  opposed  plates  were 
in  different  vessels,  making  ordinary  separate  cells.  By  three  such  cells  a  fuze  could 
be  fired  with  4  ohms  unplugged  in  the  circuit,  or  through  R,+O.8-|-0.3-|-4.0=R,-J-5.1 
ohms.  The  internal  resistance  of  each  cell  was  2.0  ohms.  Hence,  denoting  the 
effective  electro-motive  force  of  three  pairs  of  plates  in  the  sixth  arrangement  by  E, 
and  in  the  seventh  arrangement  by  £„: 

E^      4.5+2.6  ^oe 

E„    3X2+6.1 
Hence  the  gain  in  electro-motive  force  resulting  from  using  three  sets  of  plates 
arranged  in  series  in  a  single  cell,  over  two  single  plates,  was  as  0.6X6  to2;  or  as 
1.8  to  1. 
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Ip  fine,  the  conclusion  was  reached  that  a  subdivision  into  separate  cells  to  be 
filled  from  a  common  receptacle,  was  the  preferable  mode  of  arranging  a  battery  for 
the  object  in  view ;  but  that  some  intercommunication  through  the  fluid  would  not  be 
fatal  to  the  efficacy  of  the  cell,  if  properly  arranged. 

Acting  upon  this  opinion,  four  sets  of  these  plates  were  arranged  in  a  circular 
ring  of  ebonite,  separated  by  vulcanized  rubber  diaphragms,  the 
supply  of  fluid  coming  through  a  central  hole  from  a  reservoir  below 
The  connections  were  made  as  shown  in  the  diagram,  the  object 
|>eing  to  secure  effective  action  whether  two,  three,  or  four  adjacent 
cells  were  filled  by  the  fluid — ^in  the  latter  case  even  if  all  of  the 
plates  were  plunged  into  such  an  excess  of  fluid  as  to  make  inter- 
communication throughout  the  whole.  Experiment  proved  that  the  fuze  exploded 
when  two  adjacent  cells  were  filled,  with  1.6  ohms  unplugged  in  the  circuit ;  when 
three  adjacent  cells  were  filled,  with  1.1  ohms  unplugged;  and  with  four  surcharged 
cells  when  1.0  ohm  was  unplugged.  Negative  plates  of  platinized  silver  gave 
apparently  identical  measurements. 

This  result  was  deemed  satisfactory,  and  a  battery  has  been  arranged  upon  these 
principles,  compact  and  simple  in  its  connections,  which  will  fire  the  fuze  through  2 
ohms  unplugged  in  the  circuit,  in  addition  to  its  own  resistance.  The  details  of  this 
arrangement  are  not  made  public. 

An  account  will  now  be  given  of  other  forms  of  the  single  fluid  chromic  acid  cell, 
which  have  been  tested  at  Willets  Point  for  use  in  military  and  industrial  ignitions  of 
low-tension  fuzes 

Early  in  1872,  a  form  of  this  battery  was  perfected  for  trial  as  a  firing  battery  in 
submarine  mining.  It  was  composed  of  fifty  cells  coupled  in  series.  The  plates  con- 
sisted of  carbon  and  zinc,  to  be  immersed  in  insulated  lead  cells  when  required  for 
use.  Each  plate  was  9  inches  by  4.5  inches— submerging  6.5  inches  by  4.5  inches. 
They  were  placed  half  an  inch  apart.  The  cells  were  9  by  6  by  1,5  inches,  arranged 
in  five  boxes  of  ten  cells  each.  The  total  floor  space  occupied  by  these  boxes  and  the 
tripping  apparatus  was  1 1  by  6  feet.  All  the  plates  were  rigidly  attached  to  a  frame 
supported  over  the  cells  by  a  counterpoised  walking  beam,  operated  upon  a  system 
similar  to  that  employed  for  ringing  fire  alarms  in  New  York  City.  A  small  local 
battery,  by  the  aid  of  an  electro-magnet,  plunged  the  plates  in  the  fluid  and  again 
raised  them,  either  automatically  when  a  torpedo  was  struck  by  the  enemy  or  at  the 
will  of  the  operator. 

The  internal  resistance  of  this  battery  was  about  0.2  ohms  per  cell,  and  its  electro- 
motive force  about  2  volts,  giving  the  formula: 

p,  2X50  100      ^,^^ 

^  =  0.2  X  50  +  R,  =  lOTE-  ^'^'^- 
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Hence  a  Bingle  service  fuze  could  be  fired  in  a  circuit  of  about  190  ohms,  or 
at  a  distauce  of  say  15  miles;  for  two  or  more  service  fuzes  coupled  in  series,  these 
numbers  would  be  56  ohms  and  4  miles,  respectively. 

This  batter}'-  was  set  up,  and  occasionally  used,  for  two  years  and  a  quarter. 
The  room  was  not  heated,  but  no  freezing  was  noted.  Finally,  the  hard  deposit  of 
chrome  aluiu  within  the  cells  and  upon  the  carbons  caused  the  breaking  of  two  or 
three  of  the  latter  when  they  were  plunged  in  the  fluid. 

lliis  accident  would  not  have  occurred  with  the  care  which  would  be  given  to 
a  firing  battery  in  service;  but  the  mechanism  was  objectionable  on  the  ground  of 
want  of  simplicity,  and,  a  better  element  having  been  found,  the  chromic  acid  cell 
was  finally  rejected  for  this  use. 

While  experimenting  with  voltaic  induction  apparatus,  for  igniting  the  mines  at 
will,  it  became  needful  to  select  a  suitable  battery.  None  appeared  to  be  so  well 
adapted  to  all  the  requirements  as  the  chromic  acid  cell,  and  the  pattern  known  as  the 
Grenet  proved  serviceable.  Two  cells  coupled  in  series  gave  the  requisite  ciurent. 
This  pattern  consists  of  a  glass  bottle  enlarged  to  a  globe  below,  and  containing  two 
long  carbons  kept  permanently  in  the  fluid;  they  are  both  connected  to  a  single  ter- 
minal on  the  ebonite  cover.  The  zinc  plate  slides  up  and  down  between  them,  so 
that  it  may  be  inserted  at  pleasure  in  the  fluid.  The  submerged  surfaces  of  the  plates 
are  about  3  by  2  inches,  giving  a  total  opposed  zinc  surface  of  about  12  square  inches. 
The  internal  resistance  when  the  fluid  is  fresh  is  a  small  fraction  of  an  ohm. 

A  couple  of  these  cells  were  kept  set  up  and  frequently  used  for  about  two  years, 
the  fluid  and  zinc  being  occasionally  renewed  as  required.  They  ultimately  became 
unserviceable  by  reason  of  the  creeping  up  of  the  salts  on  the  carbon  plates.  The 
connections  under  the  cover  were  thus  attacked  and  destroyed;  but  they  were  easily 
renewed  by  one  of  our  soldiers. 

A  battery  devised  by  Dr.  John  Byrne,  of  Brooklyn,  is  admirably  suited  for  this 
kind  of  work.  His  object  was  to  replace  the  cumbersome  forms  in  general  use  for 
surreal  cautery,  by  a  pattern  as  compact  and  powerful  as  could  be  made;  and  he  has 
succeeded  in  surpassing  in  these  respects  all  other  known  combinations.  This  success 
was  not  the  result  of  chance,  but  was  worked  out  by  a  happy  combination  of  theory 
and  experiment. 

His  cell  has  deservedly  excited  much  attention  among  electricians  in  Europe.  It 
was  exhibited  in  London  before  the  Society  of  Telegraphic  Engineers,  on  February 
27,  1878,  where  it  gave  rise  to  an  interesting  discussion  which  will  be  found  reported 
in  Vol.  VII  of  their  Journal.  A  paper  upon  the  battery,  which  was  subsequently 
read  by  Mr.  W.  H.  Preece  before  the  Physical  Society,  was  printed  in  the  same 
volume  among  the  Abstracts  and  Extracts. 
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On  April  14,  1875,  Dr.  Byrne  brought  three  early  pattems  of  his  battery  to 
Willets  Point  for  experiment,  and  the  following  results  were  then  reached: 

The  earliest  form  consisted  of  two  cells  coupled  in  series.  Each  cell  contained 
eight  zinc  and  eight  coke  plates,  each  set  united  to  a  single  conducting  wire.  The 
small  plates  all  exposed  4  by  1 J  inches,  or  10  square  inches,  to  the  fluid.  They  were 
placed  in  a  double  row  about  ~  inches  apart,  zinc  and  coke  alternating  in  both  direc- 
tions. The  whole  cell  thus  contained  70  square  inches  of  zinc  opposed  to  a  like 
surface  of  coke.  An  arrangement  was  added  by  which  air  could  be  forced  laterally 
through  the  cell  when  in  action. 

When  these  cells,  charged  with  the  potassium  bichromate  solution,  were  put  at 
work  through  a  Gaugain  galvanometer  of  which  the  weber  coefficient  was  accurately 
known,  the  following  results  w0re  obtained: 

Webera. 

Fluid  at  rest ;  current  through  0.09  ohms  of  external  reHistance 23. 74 

Air  forced  through  fluid ;  through  0.09  ohms  of  external  resistance 32. 13 

Fluid  at  rest ;  current  through  10.09  ohms  of  external  resistance 0. 36 

Air  forced  through  fluid ;  current  through  10.09  ohms  of  external  resistance 0. 36 

Applying  Ohm's  formula  to  these  figures,  it  appears  that  if  the  electro-motive 
force  of  one  of  the  cells  be  2  volts,  its  internal  resistance  is  about  0.04  ohms,  giving 
more  correctly  for  the  last  two  measurements  0.39  webers 

Another  of  the  three  forms  tested  on  April  14,  1875,  was  known  as  the  double 
cell.  It  consisted  of  two  separate  rows  of  plates,  coupled  in  series  in  a  single  com- 
partment charged  with  potassium  bichromate.  Each  row  contained  three  zinc  plates 
coupled  as  one,  and  two  copper  plates  covered  with  platinum  foil  and  alternating  with 
them,  also  coupled  as  one.  Each  row  thus  exposed  16  square  inches  of  positive  plate 
opposed  to  a  like  surface  of  negative  plate,  giving  for  the  whole  double  cell  32  square 
inches  of  active  surface.  The  current  of  air,  which  forms  a  distinctive  feature  of  all 
of  Dr.  Byrne's  batteries,  was  introduced  laterally. 

The  first  object  was  to  determine  the  effective  electro-motive  force  of  this  peculiar 
combination.  Tested  by  Law's  method  before  closing  the  circuit,  one  row  indicated 
1.99  volts ;  and  both  rows  united,  2.76  volts,  showing  a  falling  off,  in  the  ratio  of  1.44 
to  1.00,  below  what  would  have  been  obtained  had  two  separate  compartments  been 
employed.  A  measurement  of  the  strength  of  current  by  the  Gaugain  galvanometer 
then  gave  the  following  result : 

Weben. 

Fluid  at  rest ;  current  through  0.09  ohms  of  external  resistance 8. 99 

Air  forced  through  fluid ;  current  through  0.09  ohms  of  external  resistance 15. 00 

Fluid  at  rest ;  current  through  10.09  ohms  of  external  resistance 0,28 

Air  forced  through  fluid ;  current  through  10.09  ohms  of  external  resistance 0.28 

Assuming,  what  our  experiments  with  a  heated  wire  abundantly  verified,  that  the 
current  of  air  maintains  the  electro-motive  force  at  its  original  value,  Ohm's  formula 
applied  to  these  figures  indicates  0.09  ohms  as  the  internal  resistance  of  this  double 
cell,  giving  more  correctly  for  the  last  two  measurements  0.27  webers. 
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The  third  and  most  recent  pattern  tested  on  this  date,  consisted  of  a  four  cell 
battery.  Each  cell,  charged  with  potassium  bichromate,  contained  16  square  inches 
of  zinc  surface  opposed  to  a  like  surface  of  the  compound  copper  and  platinum  foil 
negative.  The  air  was  forced  upward  under  the  plates.  Several  trials  were  made, 
and  in  the  order  reported : 

WITH  FOUR  CELLS   COUPLRD   IN   BEBIES. 

Weben. 

Flaiil  nt  rest ;  current  through  0.09  ohms  of  eztemal  reButbaca 5.05 

Air  forced  through  fluid;  cuTreut  through  0.09  ohms  of  external  resistance . .  9.53 

Fluid  at  test;  cumut  through  10.09  ohms  of  external  resiatance 0.56 

Air  forced  through  flaid;  current  throngb  10.09  ohms  of  external  reeistance 0.56 

WITH   FOUR   CRLLS,    TWO  IS   SRRIEB   AND  TWO  IN   MULTIPLE   ARC. 

Fluid  at  rest;  current  throngb  0.09  ohms  of  external  resiBtanoe. 13.63 

Air  forced  through  fluid;  current  through  0.03  ohms  of  external  resistance 19.02 

Fluid  at  rest;  current  through  10.09  ohnia  of  external  resiatance 0.31 

Air  forced  tbrouKh  fluid;  cuiTPnt  through  10.09  ohms  of  external  resiatauce 0.31 

Measurements  were  next  made  through  the  usual  cautery  circuit  and  the  Gaugain 
galvanometer.  The  former  had  a  resistance  when  cold  of  about  0. 1 2  ohms,  which 
included  8.5  inches  of  No.  21  platinum  wire.  Adding  my  leading  wires  (0.09  ohms) 
gave  0.21  ohms  (cold)  for  the  actual  external  resistance. 

WITH  FOUR  CELLS,  TWO  Lf  SEHtKS  AMD  TWO  IK  MULTIPLE  ARC. 

Fluid  at  rest;  circuit  as  Just  stated 8.97 

Air  forced  through  fluid;  circuit  aa  just  stated 10.51 

The  platinum  wire  was  not  reddened,  but  was  heated  sufficiently  to  carbonize 
paper. 

WITH  POOR   CBLLA  COUPLED   IN   SERIES. 

Fluid  at  rest;  circuit  aa  Just  stated 8.97 

Air  forced  throngb  fluid;  circuit  aa  just  stated 14.33 

This  brought  the  platinum  wire  to  a  bright  red  heat 

The  same  fluid  was  used  in  all  these  trials,  and  at  the  end  its  temperature  had 
risen  more  than  60°  Fahr.  With  fresh  fluid  and  the  four  cells  coupled  in  series,  5.5 
inches  of  No.  16  platinum  wire  were  brought  to  a  white  heat  and  kept  steadily  at 
that  temperature  for  several  minutes. 

Since  the  external  circuit  was  not  sensibly  heated  in  the  firat  two  sets  of  observa- 
tions with  this  pattern  of  the  battery,  they  admit  of  analysis  by  Ohm's  formula  in  the 
manner  already  indicated  The  first  gives  for  the  internal  resistance  0.19  ohms;  and 
the  second,  0.12  ohms — the  temperature  of  the  fluid  being  considerably  higher  at  the 
latter  measurement. 

On  April  8,  1876,  Dr.  Byrne  brought  the  perfected  pattern  of  his  battery  to 
Willets  Point  for  experiment.  It  consisted  of  four  cells,  each  containing  about  7.5 
ounces  of  the  bichromate  solution.  A  single  zinc  plate  was  placed  between  two  of 
his  special  negative  plates — 20  square  inches  of  zinc  surface  being  opposed  to  an 
equal  surface  of  the  latter,  at  distances  of  about  g  of  an  inch.     Each  negative  con- 
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sisted  of  ^'a  plate  of  copper,  to  one  surface  of  which,  as  well  as  to  its  edges,  a  sheet 
of  platinum  foil  compact  and  free  from  holes,  is  soldered,  and  to  the  opposite  surface 
or  back,  a  sheet  of  lead — the  three  metals  being  so  united  that  the  copper  shall  be 
effectually  protected  from  the  action  of  acid.  The  lead  back  and  edges  are  then 
coated  with  asphaltum  varnish,  acid  proof  cement,  or  any  other  like  substance;  and 
lastly,  the  platinum  face  being  first  rubbed  over  gently  with  emery  paper  is  to  be 
thoroughly  platinized  in  the  usual  manner."  The  current  of  air  was  introduced  under 
the  plates  through  rubber  tubes,  by  a  pneumatic  agitator  worked  by  hand  or  by  the 
foot 

The  internal  resistance  of  a  single  cell  when  the  air  was  traversing  it  was  first 
measured  by  Mance's  method,  using  a  delicate  bridge  specially  prepared  for  the 
purpose.  Repeated  trials  gave  the  following  results,  the  temperature  of  the  fluid 
(fresh)  rising  from  60°  Fahr.  during  the  process: 

Olims. 

First  set;  flnid  118°  Fahr. ;  internal  reaiBtance 0.064 

Second  set;  fluid  79^  Fahr. ;  internal  resistance 0.082 

Thirdset;  fluid  98^  Fahr. ;  internal  resistance 0.093 

Mean,  0.080 

The  electro-motive  force  was  then  measured  by  Law's  method  and  a  standard 
Clark  cell,  without  closing  the  circuit — a  method  which  may  be  accepted  as  giving  a 
true  gauge  for  the  battery  in  action  with  air  traversing  the  fluid,  since  a  platinum  wire 
instantly  heated  to  redness  suffers  no  change  of  color  for  several  minutes. 

Volts. 

First  sot;  same  fluid,  98°  Fahr. ;  electro-motive  force 2.06 

Second  set;  fresh  fluid,  60°  Fahr. ;  electro-motive  force 2.05 

Thirdset;  fresh  fluid,  84°  Fahr. ;  electro-motive  force 2.08 

Fourth  set ;  calcium  chromate,  78°  Fahr. ;  electro-motive  force 2. 04 

Mean,  2.06 

In  fine,  it  would  appear  from  the  foregoing  trials  that,  when  the  temperature  of 
the  fluid  is  high,  the  maximum  action  of  Dr.  Byrne's  perfected  battery  may  be  repre- 
sented by  the  following  formula,  in  which  n  denotes  the  number  of  cells  coupled  in 
series.  It  is  applicable  either  to  the  potassium  bichromate  or  to  the  calcium  chromate 
solution.  The  latter  is  decidedly  preferable,  because  as  already  seen  the  action  is 
more  enduring,  and  hence  the  maximum  strength  of  curi'ent  may  be  longer  main- 
tained— an  inference  confirmed  by  Dr.  Byrne's  experience. 

p  _       2.06  n 
0.06  w  +  R„ 

These  trials  throw  light  upon  the  vexed  question  as  to  the  secret  of  the  extra- 
ordinary power  of  this  battery.  It  will  be  noted  that  the  current  of  air  forced  through 
the  cell,  increases  the  current  only  when  the  resistance  of  the  exterior  circuit  is  bo 
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small  as  to  develop  a  strong  chemical  action ;  i.  e.,  under  conditions  when  the  chromic 
acid  cell  loses  power  very  rapidly  by  polarization  (see  table  on  page  304). 

By  polarization  is  understood  the  effects  of  a  coating  of  hydrogen  upon  the 
negative  plate  and  of  oxygen  upon  the  positive  plate,  produced  by  intense  action. 
These  coatings  act  injuriously  in  two  distinct  modes.  First,  by  setting  up  an  oppouDg 
electro-motive  force  they  cut  down  the  normal  value  of  that  quantity;  second,  by 
covering  a  part  of  the  plates  they  virtually  reduce  the  surface  exposed  to  the  fluid, 
and  hence  increase  the  internal  resistance.  Now,  the  current  of  air  mechanical])' 
removes  these  coatings,  and  also  keeps  fresh  fluid  always  in  contact  with  the  zinc, 
The  intense  action  and  the  consequent  rapid  consumption  of  that  metal  raise  the 
temperature  of  the  fluid,  and  thus,  by  making  it  more  conducting,  reduce  the  internal 
resistance  and  tend  to  offset  the  deterioration  of  the  solution. 

The  foregoing  formula  sufliciently  explains  the  rest  of  the  phenomenon.  The 
electro-motive  force  is  exceedingly  high  and  the  internal  resistance  is  exceedingly 
low.  The  latter  is  due  to  the  construction  of  the  negative  plate,  which,  by  eliminating 
the  defective  connections  and  poor  conductivity  of  ihe  carbon  plate,  adds  enormously 
to  the  current  when  the  exterior  resistance  is  nearly  zero.  This  point  has  been  so 
plainly  illustrated  when  discussing  the  subject  of  simultaneous  ignitions  in  the  last 
chapter,  that  it  requires  no  further  notice  here. 

The  ordinary  chromic  acid  single  fluid  cell  is  much  employed  in  blasting,  being 
compact,  powerful,  and  easily  manipulated.  Various  patterns  are  in  use,  the  following 
being  well  suited  for  general  work.  A  strong  box  is  arranged  to  hold,  side  by  side, 
from  six  to  ten  itisulated  lead  cells,  the  number  varying  according  to  the  length  of 
the  leading  wires  and  number  of  siinultaneous  ignitions.  These  cells  are  rectangular 
in  croas-sedfion,  about  6  inches  deep,  6  inches  long,  and  2  inches  wide.  The  ends  of 
the  box  rise  to  a  sufficient  height  to  support  above  the  fluid  a  frame  carrying  the 
plates  (carbon  and  zinc)  which  should  be  t>  inches  long  and  4.5  wide.  They  are 
attached  rigidly  half  an  inch  apart,  each  pair  being  over  its  own  cell.  The  frame  is 
hung  by  two  cords  wound  round  a  longitudinal  iron  rod  which  admits  of  easy  revolu- 
tion by  a  crank.  By  a  toothed  wheel  and  pawl,  the  plates  may  be  held  at  any 
desired  position  above  or  in  the  fluid.  If  each  plate  be  submerged  4^  inches,  the 
internal  resistance  per  cell  is  about  0  1 5  ohms,  and  the  electro-motive  force  may  be 
assumed  as  1.95  volts,  giving  for  fuze  firing  the  working  formula: 

0.15M+R,, 
This  formula  is  baaed  upon  very  careful  measurements,  of  which  the  following, 
made  with  a  9-cell  battery  of  precisely  the  dimensions  given  above,  are  an  example  ■ 
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Endurance  of  potassium  bichromate  blasHng  battery. 


Time  after  lower- 
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To  show  rate  of  polarisation  due  local  action  on 
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00 
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1.98 

•  •  *  • 
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00 
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15 
16 
17 
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1.81 
1.81 

17.64 
17.64 
16.79 

1.96 
L96 

1.86 

&14 

.^5.91 

&73 

5.77 
5.77 
5.50 

Internal  resistance,  measnied  by  cell,  ranges  from 
0.10  ohms  to  0.23  ohms— mean  0.14  ohms.  Whole 
battery  after  working  10  minutes  gives  0.12  ohms 

18 

1.81 

16.10 

1.79 

5.67 

5.27 

percelL 

19 

1.81 

I&IO 

L79 

5.83 

6.27 

20 

1.81 

15.58 

1.73 

5.25 

6.10 

Experiments  showing  the  effective  work  of  this  battery  in  exploding  fuzes  have 
already  been  reported  on  page  248.  Larger  plates  are  sometimes  used  for  this 
purpose,  but  with  no  advantage  commensurate  with  the  increased  weight  and  cost. 

For  transportation,  the  fluid  is  removed  and  the  plates  are  lowered  into  the 
empty  cells,  the  whole  thus  forming  a  compact  and  convenient  battery  little  liable  to 
injury. 

A  modification  of  this  arrangement  was  devised  in  February,  1872,  for  boat  use 
in  the  torpedo  experiments  at  Willets  Point,  where  rough  water  is  often  to  be  expected. 

Six  cells  were  prepared  with  plates  fixed  in  position  in  one  subdivided  compart- 
ment, the  fluid  being  contained  in  a  lead  chamber  below  them.  The  whole  box  was 
closed,  with  the  terminals  and  a  firing  key  outside.  By  revolving  this  box  on  its 
trunnions  the  battery  was  ready  for  use.  Its  working  formula  was  about  the  same  as 
that  just  given.  • 

A  neat  and  very  compact  three-cell  battery  of  a  similar  kind  was  procured  at  a 
later  date  from  Ruhmkorff.  It  consists  of  a  closed  ebonite  case,  9  by  5  by  2  inches, 
which  may  be  carried  hanging  round  the  neck.  The  carbons  are  square  rods,  0.4  by 
0.4  by  3  inches,  surrounded  by  small  cylinders  of  zinc,  the  whole  attached  to  the 
cover  and  entering  ebonite  cells.  By  inverting  the  case  the  fluid  flows  in  from  a  lower 
receptacle ;  and  one  of  our  service  low-tension  fuzes  may  thus  be  fired  through  about 
4  ohms  resistance.  The  cover  carrying  the  plates  is  easily  removed,  for  cleaning  and 
renewing  the  fluid. 

The  Dilute  Sulphnric  Acid  Cell— single  fliiicL— This  cell,  of  which  the  Smee  is  the  original 
type,  has  been  carefully  studied,  because  under  the  respective  names  of  von  Ebner 
and  Walker  it  at  one  time  was  adopted  by  Austria  and  by  Great  Britain,  as  the  best 
type  of  firing  battery  for  submarine  mining. 

In  both  these  batteries,  and  in  the  form  prepared  for  trial  in  our  own  service  as 

well,  the  zinc  plate  rests  permanentljc.  in  a  small  cup  of  mercury,  the  object  being  to 
No.  23 40 
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preserve  tlie  amalg'amation  and  thus,  so  far  as  possible,  to  prevent  local  action.  The 
negative  plate  is  of  carbon,  usually  coke  in  this  country  and  graphite  in  Europe. 
Tlie  proportion  of  acid  for  a  firing  battery  should  never  exceed  about  one-twelftb ; 
for  electro-plating,  one-eightli  is  usually  employed. 

All  varieties  of  this  cell  have  one  common  fault,  a  low  electro -motive  force  of 
only  about  1.2  volts  even  when  the  circuit  is  first  closed ;  and  this  soon  falls  50  per 
cent,  when  at  work  on  a  small  resistance.  The  cell  has  the  merits  of  simplicity,  of 
yielding  a  very  steady  current  when  polarization  has  reached  ifa  limit,  and  wiien 
properly  set  up  of  preserving  its  eificiency  without  attention  for  long  periods  of  time. 

Considerable  diversity  exists  in  the  arrangement  of  the  plates.  Walker  uses  two 
graphite  plates  with  a  single  zinc  between  them,  copying  Woltaston,  who  bent  his 
copper  plate  under  the  zinc  so  as  to  effect  the  same  object.  Von  Ebner  uses  two  zincs 
with  a  graphite  plate  between  them.  Experience  and  careful  measurement,  at  the 
Torpedo  School,  have  shown  that  these  duplications  are  only  useful  when  the  battery 
is  needed  for  work  on  short  circuit.  For  a  firing  battery,  single  plates  of  zinc  and 
coke  of  moderate  size  fulfil  every  requirement,  and  are  more  easy  to  keep  in  order. 

After  thorough  trial,  the  form  of  the  sulphuric  acid  battery  described  below  has 
been  found  to  be  ofi'ective ;  and,  in  case  of  need,  it  may  always  be  rapidly  prepared. 
It  is  decidedly  superior  to  the  Walker  battery  formerly  adopted,  but  now  abandoned, 
by  the  Royal  Engineers. 

The  jars  are  of  glass,  holding  about  two  and  a  half  quarts  of  the  fluid,  which 
consists  of -dilute  sulphuric  acid,  one  part  to  fourteen  by  volume.  The  tops  of  the 
jars  for  about  2  inches  are  smeared  with  paraffine  oil,  to  prevent  the  creeping  up  of 
the  zinc  sulphate. 

The  zinc  plates  are  4.5  by  9.5  inches,  giving  a  submerged  opposed  surface  of 
about  30  square  inches.     Two  inches  at  top  are  painted  with  asphaltum  varnish. 

The  coke  plates  are  5  by  9  inches,  giving  a  suboiei^ed  opposed  surface  of  about 
30  square  inches.  The  connection  is  made  by  two  silver  wires,  sewed  through  the 
coke  and  attached  to  a  small  copper  bar.  The  top,  for  about  3  inches,  is  soaked  in 
melted  paraffine  to  close  the  pores,  and  thus  prevent  the  creeping  up  of  the  fluid  and 
conscfjuent  deposit  of  zinc  sulphate.  The  connections,  including  the  copper  bars,  are 
painted  with  asphaltum  varnish. 

These  electrodes  are  attivched  together  by  two  small  rods  of  ebonite,  which  pass 
through  holes  made  for  the  purpose,  with  half  inch  ebonite  washers  interposed  between 
the  plates  to  secure  uniformity  of  distance  The  rods  are  secured  by  small  washers 
screwed  upon  their  outer  ends,  which  tlms  clamp  the  plates  together.  Both  rods  are 
below  the  fluid,  one  near  the  top  and  tho  other  near  the  bottom  of  the  submerged 
parts  of  the  plates.  The  zinc  plates  stand  in  small  cups  of  gutta-percha  containin;: 
mercury,  to  preserve  the  amalgamation.  The  cokes  being  shorter  than  the  zincs  do 
not  interfere  with  these  cups. 
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The  cells  are  coupled  by  stout  copper  wires,  screwed  into  the  copper  bars  of  the 
cokes,  and  held  to  the  copper  terminals  of  the  zincs  by  screw  cups. 

Tlie  cells  are  placed  on  paraffined  strips  of  dry  wood  nailed  upon  shelves ;  a 
method  which  secures  the  insulation  necessary  for  a  battery  of  high  potential.  Cur- 
tains prevent  dust  from  settling  into  the  jars. 

It  has  been  found  by  experience  that  a  battery  of  this  kind  does  not  require 
renewal  oftener  than  once  in  a  couple  of  years,  if  care  be  taken  to  supply  water  lost 
by  evaporation,  and  to  occasionally  remove  any  zinc  sulphate  making  its  appearance. 

A  firing  battery  for  coast  defence  should  consist  of  not  less  than  100  such  cells, 
which  may  safely  be  considered  effective  at  a  range  of  one  and  a  half  miles.  The 
electro-motive  force  per  cell  before  the  circuit  is  closed,  is  about  1.2  volts ;  but,  owing 
to  rapid  polarization,  only  1.0  volts  should  be  used  in  computing  the  power  to  fire 
fuzes.     The  internal  resistance  is  about  0.3  ohms.     Thus  the  working  formula  becomes : 

c-    ^QQ 

~30.fR„ 

The  local  battery  required  with  my  torpedo  system  of  1872  belongs  to  this  type. 
It  consists  of  10  cells,  arranged  in  a  convenient  box,  which  should  be  open  to  avoid 
deposit  of  moisture  from  evaporation.  The  solution,  and  the  preparation  of  the  zincs 
and  cokes,  is  the  same  as  with  the  firing  battery ;  but  smaller  plates,  giving  opposed 
surfaces  of  say  20  square  inches,  may  be  used ;  and  the  battery  does  not  require  to 
be  insulated.  The  plates  are  not  self-supported,  but  hang  from  a  cross-bar  arranged 
for  the  purpose,  care  being  taken  to  keep  the  zincs  in  the  mercury. 

These  patterns  were  not  selected  without  careful  trial.  Twenty  cells  of  the 
Walker  battery  were  tested  early  in  1872  and  found  to  be  defective  in  insulation, 
owing  to  the  deposit  of  moisture  caused  by  the  closeness  of  the  boxes  in  which  they 
were  contained.  This  bad  fault  was  connected  in  our  service  pattern  by  the  simplicity 
of  the  connections.  The  alternative  fault,  rapid  evaporation  caused  by  exposing  so 
large  a  surface  of  fluid  to  the  air,  was  prevented  by  a  thin  film  of  paraffine  oil  allowed 
to  float  on  top. 

After  various  preliminary  trials,  a  firing  battery  consisting  of  50  cells  of  this 
pattern  was  set  up  in  May,  1872  In  the  following  March  it  was  increased  to  100 
cells,  and  was  kept  standing  and  in  frequent  use  until  January,  1878.  During  this 
long  period  the  cells  were  charged  with  fresh  fluid  four  times,  and  defective  zincs 
were  occasionally  re  amalgamated  and  sometimes  replaced.  Constant  attention  was 
required  io  remove  zinc  sulphate  from  the  jars  and  connections,  and  the  low  electro- 
motive force  was,  of  course,  objectionable.  Measurements  were  frequently  made  to 
determine  the  variations  in  that  quantity  and  in  the  resistance;  but  as  a  better  element 
was  finally  adopted  it  is  not  necessary  to  give  the  details  here.  Suffice  it  to  say  that 
in  an  emergency  the  arrangement  would  be  found  entirely  serviceable,  and  to  be 
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fairly  represented  by  the  formula  given  above.  One  hundred  cells  would  require 
about  30  buckets  of  water  and  725  fluid  ounces  of  sulphuric  acid  of  commerce. 

For  comparison  with  this  firing  battery,  50  cells  of  another  pattern  were  tested 
The  arrangement  was  identical  except  in  the  negatiiie  plates,  which  were  sheets  of 
Beardslee's  chrome  lead  equal  in  size  to  the  cokes.  When  tirst  set  up,  the  electro- 
motive force  was  about  0.2  volts  less  per  cell  than  with  the  cokes;  and  after  standing 
a  short  time,  and  especially  after  working  a  few  seconds,  this  difference  was  increased. 
The  internal  resistance  was  about  O.l  of  an  ohm  per  cell  less  with  the  Beardslee  plates, 
owing  to  their  superior  conductivity  and  better  connections;  but,  upon  the  whole,  the 
coke  negative  is  decidedly  to  be  preferred  because  it  remains  serviceable  much  longer. 
The  chrome  lead  negative  is  subject  to  one  curious  action.  The  weaker  cells  in  the 
series  often  become  depositing,  and  the  negative  plate  is  soon  coated  with  metallic 
zinc — thus  greatly  reducing  the  effective  electro-motive  force  of  the  battery. 

Notwithstanding  its  failure  in  a  firing  battery  of  many  cells  having  the  plates 
constantly  immersed  in  the  fluid,  the  Beardslee  negative  is  not  without  merit  for 
certain  purposes.  It  is  composed  of  sheet  lead  coated  with  pulverized  metallic 
chromium,  by  being  passed  between  rollers.  The  sharp  angular  nature  of  the 
chromium  powder  causes  it  to  remain  on  the  lead  surface,  and  thus  to  afford  mechan- 
ically a  ready  escape  to  the  hydrogen  when  produced  in  large  quantities  by  intense 
action.  This  feature  gives  great  constancy;  while  the  small  internal  resistance  allows 
immense  strength  of  current  on  circuits  of  low  resistance. 

The  pattern  known  as  Beardslee's  "gridiron"  cell  possesses  these  merits  in  a  high 
degree,  and  forms  a  convenient -addition  to  a  physical  laboratory.  It  lias  been  much 
used  at  Willeta  Point  for  determining  the  weber  coefficients  of  galvanometers  to  be 
stored  for  actual  service,  for  working  small  induction  coils,  and  for  other  work  in  which 
a  strong  and  constant  current  is  required.  The  battery  contains  six  large  cells,  so 
arranged  that  the  plates  may  readily  be  raised  out  of  the  fluid  when  not  in  use- 
Each  cell  contains  two  stout  zincs  cast  in  the  form  of  gridirons,  with  the  bars  vertical. 
Between  them,  and  in  close  proximity,  is  placed  the  negative  plate;  which  is  made  of 
two  flat  sheets  of  chrome  lead,  close  together,  with  strips  soldered  on  the  faces  in  such 
a  manner  as  to  project  between  the  bars  of  the  zinc  plates.  By  this  arrangement  a 
surface  of  105  square  inches  of  chrome  lead  is  opposed  to  a  like  surface  of  zinc,  at  a 
distance  not  exceeding  one-fourth  of  an  inch.  In  a  mixture  of  one  part  of  sulphuric 
acid  of  commerce  and  seven  parts  of  water,  such  a  cell  has  an  internal  resistance  of 
about  0.015  ohms;  and,  when  new,  the  battery  (6  cells)  will  raise  3  inches  of  No.  10 
iron  telegraph  wire  to  a  white  heat. 

The  effective  electro-motive  force  per  cell  varies  from  I.l  volts  to  0.6  volts, 
according  to  the  external  resistance;  and  one  of  the  marked  peculiarities  of  the  batter)' 
is  the  short  interval  of  time  requisite  for  this  quantity  to  assume  a  constant  value.    In 
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a  few  seconds  polarization  is  complete,  sq  that  a  galvanometer  needle  will  stand  indefi- 
nitely at  the  point  at  which  it  first  settles,  the  tendency  being  rather  to  increase  the 
deflection  as  the  temperature  of  the  fluid  rises  under  the  action  of  the  current.  After 
long  use  the  negative  plates  deteriorate — probably  by  the  mechanical  removal  of  the 
particles  of  metallic  chromium  under  the  action  of  the  torrents  of  hydrogen  gas  which 
stream  from  their  surfaces.  The  peculiar  form  of  the  zinc  plates  adds  to  the  eflFective 
strength  of  current,  by  promoting  a  free  circulation  of  the  fluid.  This  was  shown 
by  careful  comparative  trials,  the  internal  resistance  of  two  flat  plates  of  zinc  and 
chrome  lead  exposing  surfaces  to  the  fluid  equal  to  Beardslee's  gridiron  arrangement, 
being  found  to  be  0.020  ohms  instead  of  0.015  ohms,  the  distance  apart  beiiig  the 
same. 

Before  passing  to  another  form  of  battery,  certain  -  experiments,  made  in  the 
spring  of  1873,  to  determine  the  relative  merit  of  different  negative  plates  in  dilute 
sulphuric  acid,  will  be  reported. 

Teats  of  negative  plates  in  dilute  sulphuric  acid. 
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2.57 
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2.80 
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2.48 

2.84 
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0.18 

0.83 

2.45 

2.64 

2.97 

3.06 

10    00 

0.17 

0.32 

2.44 

2.64 

2.97 

3.06 

11    00 

0.17 

0.32 

2.44 

2.85 

2.07 

3.06 

12    00 

0.16 
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2.44 

2.85 

2.95 

3.06 

18    00 

0.16 
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2.44 
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2.95 
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2.90 
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These  plates  were  all  of  equal  size  and  were  submerged  in  the  fluid  (one  part  of 
acid  and  seven  of  water)  at  a  distance  of  one-fourth  of  an  inch  from  a  plate  of  amal- 
gamated zinc  exposing  a  surface  equal  to  their  own,  viz,  3  inches  long  by  |  inches 
wide,  giving  2.6  square  inches  directly  opposed.  The  jar  contained  2 J  quarts  of 
fluid.  The  strength  of  current  sent  through  an  exterior  circuit  of  0.09  ohms,  includ- 
ing a  Gaugain  galvanometer,  was  noted.  The  negative  plates  were  quite  new,  and 
consisted  of:  (1)  polished  platinum  foil;   (2)  coke  made  by  Chester,  of  New  York; 


318  IGNITING   APPARATUS. 

(^^)  the  same  platinized;  (4)  chrome  iron  made  by  Beardslee;  (5)  chrome  lead  made 
by  Beardsleej  (6)  platinized  silver  foil.  The  foregoing  table  exhibits  the  current 
generated  under  these  conditions,  which  afford  a  severe  test  of  relative  depolarizing 
power. 

The  great  advantage  of  platinizing  the  negative  plate  in  this  form  of  battery  l» 
apparent  from  these  figures,  and  the  possible  merit  of  chromium  also,  if  plates  can  be 
economically  prepared  in  a  permanent  shape,  which  has  not  yet  been  accomplislied. 

The  Sal-AmmoiuM  Cell— tingle  fluid.— In  all  the  cells  heretofore  considered,  the  current 
has  been  generated  by  the  consumption  of  the  zinc  by  an  acid ;  and  when  the  plates 
remain  in  the  fluid  ready  for  action,  the  normal  condition  of  a  firing  battery  suitable 
for  submarine  mining,  they  are  all  subject  to  one  common  difficulty.  No  matter  how 
carefully  the  zincs  be  amalgamated,  some  local  action  takes  place.  This  not  only 
wastes  the  metal,  but  also  causes  the  continuous  formation  of  salts,  which,  aided  by 
evaporation,  work  their  way  up  the  plates  and  open  a  route  for  the  acid  to  attack  tlie 
connections.  With  proper  precautions,  the  sal-ammoniac  cell  is  comparatively  fi-ee 
from  this  objection,  since  when  the  circuit  is  open  the  zinc  is  not  attacked.  This  is 
no  small  merit  in  a  large  firing  battery ;  but  it  is  supplemented  by  another  of  still 
greater  importance,  the  electro-motive  force  of  a  sal-ammoniac  cell  is  about  1.45  volts, 
or  nearly  50  per  cent  higher  than  that  of  a  dilute  sulphuric  acid  cell. 

These  advantages  early  attracted  attention,  and  in  June,  1S72,  experiments  were 
begun  at  Willets  Point  which  have  continued  to  the  present  date  They  have  proved 
satisfactory,  and  the  element  has  been  definitely  adopted  for  several  uses  in  our  service. 

It  was  found,  in  1874,  that  the  pattern  of  Leclanch^  firing  battery  manufactured 
by  the  India  Rubber,  Gutta  Percha  and  Telegraph  Works  Company,  of  London, 
under  the  name  of  the  Silvertown  firing  battery,  was  so  well  adapted  to  the  end 
proposed  that  no  essential  modification  was  necessary.  Experience,  however,  lias 
developed  two  faults  which  will  be  noticed  below. 

The  battery  is  put  up  in  stout  boxes  containing  ten  cells  coupled  permanently  in 
series  with  two  terminals  outside.  Each  cell  is  sealed,  and  contains  all  the  parts 
needful  for  action  except  water,' which  is  to  be  introduced  through  two  holes  in  tlie 
top  prepared  for  the  purpose.  The  cells  are  made  of  ebonite.  The  zinc  plate  was  at 
first,  cast  in  the  form  of  a  hollow  cylinder  with  six  vertical  cuts  to  increase  tlie 
exposed  surface  and  facilitate  the  motion  of  the  fluid.  The  latest  pattern  is  a  plain 
cylinder  of  rolled  zinc.  It  is  surrounded  with  a  packing  of  sal  ammoniac  in  powder, 
enough  being  inserted  to  more  than  saturate  tlie  charge  of  water.  Closely  fittlnji 
inside  the  zinc  is  the  negative  element.  Formerly  this  consisted  of  a  flannel  hng 
containing  a  carbon  plate  embedded  in  a  mass  of  peroxide  of  manganese  and  carbon. 
The  present  agglomerate  form  consists  of  a  central  carbon  hextigon,  grooved  oh  each 
side  to  fit  a  cylinder  of  compressed  peroxide  of  manganese  and  carbon,  6  inches  long 
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and  .9  of  an  inch  in  diameter.  The  whole  are  wrapped  with  a  strip  of  burlap  held  in 
place  by  a  couple  of  rubber  bands.  Each  cell  is  4  inches  in  diameter  and  7^  inches 
high,  and  should  receive  about  8  fluid  ounces  of  water  when  the  battery  is  removed 
from  store  for  use  in  service.  The  following  remarks  apply  to  the  earlier  model,  as 
the  modification  has  not  been  under  trial  sufficiently  long  to  justify  a  decided  opinion. 

The  great  fault  of  the  arrangement  is  the  insertion  of  the  powdered  sal-ammoniac; 
but  the  sealing  also  is  a  defect.  The  salt  contains  sufficient  moisture  to  slowly 
encrust  the  zinc  with  a  coating  of  oxychloride  crystals,*  which,  being  insoluble  in  the 
added  water,  increases  the  internal  resistance  much  above  its  normal  value.  To 
remove  these  incrustations  it  is  best  to  cut  through  tne  pitch  covering,  take  out  and 
wash  the  zincs  in  a  strong  mixture  of  muriatic  acid  and  water,  re-amalgamate  them 
and  replace  them.  As  it  may  become  necessary  to  repeat  this  operation,  the  cells 
should  never  be  re-sealed.  Two  bits  of  marline  saturated  in  paraffine  and  packed,  one 
between  the  zinc  and  ebonite  and  the  other  between  the  zinc  and  flannel  bag,  suffi- 
ciently prevent  evaporation,  and  are  far  more  convenient  than  the  pitch  cover.  Tlie 
cells,  when  required  for  use,  should  be  charged  with  a  saturated  solution  of  sal- 
ammoniac,  with  a  little  of  the  salt  added  to  supply  consumption,  the  zincs  being  first 
re-amalgamated. 

The  electro-motive  force  of  this  cell,  in  perfect  order,  is  about  1.45  volts;  audits 
normal  internal  resistance,  0.3  ohms,  giving  for  a  hundred  cell  battery  the  following 
formula : 

c-  Ai^_ 

^-3u.fR„ 

Such  a  battery  will  ignite  a  single  service  fuze  through  260  ohms ;  and  will  fire 
two  or  more,  in  series,  through  66  ohms.  These  figures  indicate  more  than  three 
times  the  strength  of  current  required  at  most  torpedo  stations. 

The  following  extracts  from  numerous  recorded  tests  of  this  pattern  of  battery 
supply  data  for  judging  of  its  endurance  and  practical  efficiency. 

The  first  box  was  set  up  on  January  15,  1874,  by  inserting  15  fluid  ounces  of 
water  in  each  cell.  In  three  hours  their  average  electro- motive  forfe  measured  1.50 
volts ;  and  their  average  internal  resistance,  0.29  ohms.  The  battery  was  occasionally 
used  for  short  tests  until,  on  February  23,  fluid  was  noticed  leaking  from  the  box. 
On  examination,  two  cells  were  found  to  have  overflowed ;  and  when  the  cork  stoppers 
were  removed  from  a  third  a  strong  puff  of  ammoniacal  gas  escaped,  bringing  fluid 
with  it.  The  cause  was  probably  too  tight  corking  aggravated  by  an  excess  of  water, 
and  8  ounces  have  accordingly  been  adopted  as  the  proper  charge.  No  recurrence  of 
this  difficulty  has  hee\\  noted  in  any  box  thus  set  up. 

This  box  was  left  standing  for  over  six  years,  being  occasionally  used  for  fuze 
firing  and  similar  light  work.  A  little  water  was  added  two  or  three  times  during  that 
period,  but  no  other  care  was  required.     Salts  forced  their  way  through  small  cracks 
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ill  the  pitch  covering  of  a  few  of  the  celU,  but  not  in  sufficient  quantities  to  cause 
serious  inconvenience.  The  records  show  that  the  internal  resistance  (ten  caIIs) 
remained  nearly  constant  for  about  a  year,  only  increasing  from  2.9  ohms  to  3.4  ohms 
in  fourteen  months.  This  quantity  continued  to  increase  very  gradually,  reaching 
12.5  ohms  at  the  end  of  four  years  and  two  months,  15.8  ohms  in  five  years,  and  20.5 
ohms  in  six  years  and  three  months.  The  electro-motive  force  when  the  battery  was 
inactive  hardly  changed  for  five  years,  and  then  gradually  fell  to  1.26  volts.  The 
box  was  taken  apart  in  May,  1880,  and  thoroughly  cleaned. 

A  firing  battery  of  forty  of  these  cells  (boxes  II,  III,  IV,  and  V)  was  set  up  on 
May  22,  1H74,  and  has  been  kept  in  active  service  for  over  six  years.  On  January 
24,  1878,  sixty  more  cells  were  added  (boxes  VI,  VII,  VIII,  IX,  X,  and  XI),  con- 
stituting a  regular  100-cell  battery,  such  as  is  proposed  for  service.  It  was  on  tliis 
latter  date  that  the  ill  efiect  of  long  storage  upon  cells  charged  with  dry  sal-ammo- 
niac, was  discovered.  The  figures  in  the  following  table  plainly  reveal  this  trouble- 
some defect .  in  Uie  Silvertown  pattern,  which  causes  the  zincs  to  steadily  deteriorate 
when  in  store.  The  sal-ammoniac  should  be  added  with  the  fluid,  and  never  before 
Moreover,  the  zincs  should  be  freshly  amalgamated,  which  cannot  be  done  with  the 
sealed  pattern. 

Six-year  record  of  a  Leebmchd  firing  batterg. 
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This  firing  battery  has  been  in  constant  use  with  the  torpedo  operating  apparatus 
under  trial  at  Willets  Point,  for  more  than  six  yeai-s.  The  electro-motive  force  has 
remained  essentially  constant,  but  a  steady  increase  of  internal  resistance  has  been 
noted.  This  quantity,  always  larger  than  would  be  proper  in  a  firing  battery  in  actual 
service,  could  have  been  brought  to  the  standard  of  0.3  ohms  per  cell  by  adding 
water ;  but  to  avoid  any  troublesome  overflow  or  creeping  up  of  salts,  this  was  not 
done.  A  marked  difference  is  to  be  noted  in  different  boxes,  in  respect  to  rate  of 
increase  in  internal  resistance ;  and  even  after  the  cells  were  opened  and  thoroughly 
cleaned  in  1 880,  uniformity  was  not  secured.  Experiments  are  still  in  progress  to 
determine  the  causes  and  the  best  remedy. 

The  Leclanchd  cell  is  well  suited  for  any  use  where  an  intermittent  action  only  is 
required ;  and  forms  suitable  for  signal  and  testing  batteries  have  received  careful 
study.  As  they  are  treated  in  the  Manual,  and  have  developed  no  peculiarities  differ- 
ing from  those  of  the  firing  pattern  above  described,  they  will  not  be  noticed  in  detail 
here.  The  gradual  increase  of  internal  resistance,  and  a  tendency  to  corrode  the  ter- 
minals if  of  copper  or  lead,  are  the  chief  defects. 

The  following  experiments  with  one  of  the  patterns  designed  as  a  signal  battery 
are  reported  to  give  an  idea  of  the  endurance  of  the  Leclanch^  cell  when  working 
steadily  on  a  circuit  of  low  resistance.  The  test  was  similar  in  all  respects  to  those 
of  the  nitric  acid  and  other  cells  described  on  page  295.  The  internal  resistance 
was  3.3  ohms ;  the  electro-motive  force  before  the  circuit  was  closed  was  1.46  volts ; 
and  the  external  resistance,  including  the  galvanometer,  was  28.1  ohms. 

Endurance  of  LeclancM  signal  cell  working  on  28.1  ohms* 
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Although  the  peroxide  of  manganese  around  the  carbon  plate  is  of  service  when 
the  battery  is  used  in  a  circuit  of  low  resistance,  it  occupies  considerable  space  and 
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for  inBolation  tests  is  not  necessary.     A  convenieDt  form  for  the  latter  object  has  been 
devised  and  adopted  at  Willets  Foint 

.The  cell  consists  of  a  small  glass  bottle,  with  a  wide  mouth,  containing  a  strip  of 
zinc  and  another  of  chrome  lead,  both  in  a  saturated  solution  of  sal-ammoniac.  The 
bottle  is  about  1  inch  in  diameter  aud  3  inches  high.  A  layer  of  paraffine  oil  over 
the  surface  of  the  fluid  retards  evaporation  ;  but  it  gradually  creeps  downward  over 
both  plates  and  thus  increases  the  internal  resistance  enormously,  as  will  soon  appear. 
A  better  plan,  probably,  would  be  to  pour  a  little  melted  paraffine  or  beeswax  on  the 
fluid,  and  remove  a  few  drops  through  a  small  hole,  thus  forming  a  cleaner  cover. 

One  hundred  such  cells  are  placed  in  rows  of  ten,  in  a  tray  12  by  12  inches. 
They  are  held  in  position  by  pouring  around  them  melted  paraffine.  The  negative 
and  positive  plates  of  adjacent  cells  are  united  by"  a  rivet,  and  held  in  place  by  paraf- 
fine dropped  in  the  bottle  before  the  fluid  is  added. 

Five  such  trays  are  placed  in  a  case,  18  by  18  by  40  inches  high;  and  two 
cases,  or  1,000  elements,  constitute  the  battery.  Each  case  is  insulated  by  standing  on 
blocks  of  parafline,  and  the  leading  wires  are  so  connected  that  any  desired  namber 
of  trays  can  be  switched  into  circuit  at  pleasiire. 

After  some  preliminary  trials,  a  battery  of  tins  description  was  set  up  in  April, 
1 874,  and  has  remained  in  a  serviceable  condition  to  date  (June,  1 880).  Occasionally 
a  cell  has  become  dry,  but  has  been  at  once  restored  by  adding  fresh  fluid.  I  think, 
although  the  batteiy  has  been  in  frequent  use  for  insulation  tests,  that  a  couple  of 
hours  would  cover  all  the  time  expended  in  such  work  during  the  six  years.  The 
following  figures,  selected  from  the  records,  give  an  idea  of  the  rate  of  gradual  deteri- 
oration.    They  represent  the  mean  values  for  a  single  cell: 

May  2,  1874.  E  =  0.45  volts  R,  =  25  ohms. 
April  27,  1876.  E  =  0.41  volts  R,  =  125  ohms. 
April  6,  1878.  E  z=  0.34  volts  R,  =  355  ohms. 
June  11,  1880.     E  =  0.30  volts  R,  =  740  ohms. 

One  tray  containing  100  of  these  cells  was  charged  with  dilute  sulphuric  acid— 
1  part  of  acid  to  1 00  parts  of  water — for  comparison.  It  gave  a  lower  internal  resist- 
ance and  a  higher  electro-motive  force,  at  first;  but  in  about  a  year  and  a  half  it 
totally  failed. 

In  fine,  I  know  of  no  combination  more  enduring  and  more  convenient  for  occa- 
sional insulation  tests,  than  the  pattern  of  sal-ammoniac  cell  just  described. 

The  Peroxide  of  Lead  CeU— dngle  flnid.— In  1876,  Charles  T.  Chester  introduced  in 
New  York,  under  the  name  of  "magazine  battery,"  the  De  La  Rive  peroxide  of  lead 
cell.  This  element  is  remarkable  for  its  high  electro-motive  force  and,  among  single 
fluid  cells,  for  its  constancy  of  action.     The  depolarizing  substance  is  expensive;  and, 
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as  put  upon  the  market,  it  contained  traces  of  nitric  acid  which  proved  destructive  to 
the  zincs.  Notwithstanding  the  latter  defect,  the  cell  exhibited  incontestable  merits. 
By  comparing  the  figures  in  the  following  table  with  those  just  given  for  the 
Leclanch^  cell,  a  good  idea  will  be  formed  of  the  relative  endurance  and  strength 
of  the  two  elements,  which  were  similar  in  dimensions,  working  on  similar  external 
resistances. 

Two  cells  were  tested  in  the  manner  already  described.  In  both,  the  negative 
plate  consisted  of  a  carbon  plate,  embedded  in  peroxide  of  lead  contained  in  a  porous 
cup.  This  cup  was  3  inches  in  diameter  and  6.5  inches  high.  The  positive  plate  was 
the  common  Leclanchd  cylinder  of  zinc,  J  inch  in  diameter  and  7  inches  long.  They 
were  placed  in  a  cylindrical  glass  cell,  4  inches  in  diameter  and  6  inches  high,  half 
filled  with  fluid,  which  for  one  cell  was  dilute  sulphuric  acid  (1  part  of  acid  to  14 
parts  of  water);  and  for  the  other  cell,  a  saturated  solution  of  sal-ammoniac.  The 
internal  resistance  of  the  former  at  the  first  closing  of  the  circuit  was  1.7  ohms;  and 
at  the  end  of  the  trial,  7.5  ohms.  These  figures  for  the  sal-ammoniac  cell  were  2.0 
and  2.5  ohms,  respectively. 

These  cells  were  allowed  to  stand  for  a  few  days  without  closing  the  circuit,  and 
the  change  in  electro-motive  force  was  noted  by  Law's  method,  as  follows : 

February  19,  1876.     Acid  cell,  2.305  volts;  sal-ammoniac  cell,  1.800  volts. 

February  24,  1876.     Acid  cell,  2.128  volts;  sal-ammoniac  cell,  1.664  volts. 

February  25,  1876.     Acid  cell,  2.057  volts;  sal-ammoniac  cell,  1.689  volts. 

Februar}^  26,  1876.     Acid  cell,  1.994  volts;  sal-ammoniac  cell,  1.142  volts. 

They  were  then  placed  at  work  continuously  for  five  days.  After  a  rest  of  two 
days  and  a  re-amalgamation  of  the  zincs,  which  had  begun  to  suffer,  the  circuit  was 
again  closed,  the  electro -motive  force  being  1.580  and  1.490  volts,  respectively. 

Endurance  of  the  peroxide  of  lead  cell  working  on  28.4  ohms. 


Time  after  clos- 
ing circuit. 

SULPHUaiC  ACID  CKLL. 

BAL-AXMOKIAC  CELL. 

• 

• 

Electro-motiye  force. 

strength  of  current 

Blectro-motiTe  force. 

strength  of  current. 

B 

E, 
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B 

E; 

B, 
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d.   h.   M. 
0    00    01 
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0.037 
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0.027 
0.025 
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82 
82 
82 
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60 
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53 
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At  the  end  of  the  thirty-third  day  both  cells  were  exhausted,  new  zince  and 
fluids  being  required.  About  a  minute  after  the  circuit  was  finally  broken  the  electro- 
motive force  of  the  acid  cell  was  0.471  volts,  and  of  the  other|  0.803  volts. 

The  Seiqiiioxide  of  Iron  C«U— dngla  fluid. — Early  in  1875,  Mr.  Beardslee  drew  my  atten- 
tion to  a  native  earth  of  New  Jersey,  consisting  largely  of  sesquioxide  of  iron.  He 
found  it  80  useful  as  a  packing  round  the  negative  plate  of  an  earth  battery  working 
an  electrical  clock,  that  the  following  experiments  were  made  at  Willets  Point  to  test 
its  depolarizing  power.  It  was  directly  compared  with  pure  sesquioxide;  and  by 
reference  to  the  tables  showing  the  action  of  the  Leclanch^  and  peroxide  of  lead  celb 
an  idea  may  be  formed  of  the  relative  merit  of  the  three  depolarizing  agents  as  packing 
■  round  the  carbon  plate,  since  all  the  cells  were  similar  in.  dimensions  and  working  on 
similar  external  resistances.  A  saturated  solution  of  sal-ammoniac  was  used  as  the 
exciting  fluid.  Before  closing  the  circuit,  the  cell  containing  the  pure  material 
indicated  an  electro-motive  force  of  1.508  volts,  and  that  charged  with  the  earth,  1.184 
volts ;  the  corresponding  internal  resistances  being  1.9  ohms  and  2.9  ohms,  respectively. 
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Endurance  of  Ike  sesquioxide  of  iron  cell  working  on  28  ohma. 


Time  alter  clos- 
ing oiroait. 

rUSB  8ES<)UI0XIDI  OF  IBON. 

IMFUBS  Biaguioxioi 

OF  IRON. 

Eleotro-motlTe  force. 

Stiength  of  carrent. 

Sleotro-motive  force. 

Strength  of  current. 

B 

E, 

E, 
R« 

By 

Gaugain. 

Percentage 
retained. 

E 

B/ 

E. 

S7, 

By 
Gangain. 

Percentage 
retained. 

d.  k,   m. 
0     0    01 

Voltt. 
1.880 

VoUi. 
1.200 

Weberi, 
0.046 

Webert, 
0.047 

100 

Fottf. 
0.867 

YolU. 
0.763 

Webert. 
0.028 

Webert. 
a026 

100 

0     0    02 

L277 

0.046 

0.047 

100 

0.760 

0.027 

0.026 

100 

0     0    08 

1.288 

0.046 

0.047 

100 

0.760 

0.027 

0.025 

96 

0     0    04 

1.265 

0.045 

0.047 

100 

0.760 

a027 

0.025 

96 

0      0    05 

1.248 

0.045 

0.046 

86 

0.760 

0.027 

0.024 

92 

0      0    16 

0.042 

90 

- 

0.028 

88 

0     0    30 

0.041 

87 

0.021 

81 

0      1    00 

0.038 

81 

0.019 

78 

0      1    30 

LOOO 

0.041 

0.036 

74 

0.604 

0.021 

0.019 

78 

XeH20lu>ur§. 

0      1    81 

L430 

1.839 

0.047 

0.047 

100 

L088 

0.988 

0.033 

0.031 

119 

0     1    82 

L882 

0.047 

0.047 

100 

0.930 

0.033 

0.031 

119 

0      1    33 

L832 

0.047 

0.047 

100 

0.903 

0.032 

0.080 

115 

0      1    34 

1.320 

0.047 

0.047 

100 

0.890 

0.031 

0.029 

lU 

0      1    85 

1.313 

0.047 

a  047 

100 

0.880 

0.031 

0.029 

111 

0      1    46 

1.265 

0.045 

0.045 

96 

0.788 

0.028 

0.026 

100 

0      2    00 

0.044 

94 

0.023 

88 

0      2    80 

0.030 

88 

0.022 

85 

0      8    00 

0  036 

80 

0.021 

81 

0      4    00 

a  792 

0.028 

0.028 

60 

0.645 

0.023 

0.021 

81 

0      5    00 

0.028 

SO 

0.021 

81 

0     6    00 

0.020 

43 

0.021 

81 

0      6    45 

0.583 

0.019 

a  018 

38 

0.658 

0.023 

0.021 

81 

These  figures  show  a  decided  recuperative  power  in  this  element,  and  no  incon- 
siderable absolute  merit. 

The  Sulphate  of  Copper  Cell^two-flmd.^This  element,  of  which  the  Daniell  is  the  original 
type,  is  universally  employed  in  telegraphy  in  this  country,  and  is  so  well  known  that 
it  requires  little  notice  here.  It  has  no  rival  for  supplying  a  continuous  and  uniform 
current  of  moderate  strength,  the  desideratum  with  a  signal  battery  operating  a  group 
of  torpedoes  on  a  closed  circuit.  For  this  object  a  rather  low  internal  resistance  and 
ease  of  manipulation  is  required ;  and  many  measurements  and  comparative  tests  of 
the  numerous  patterns  in  the  market  have  been  made  with  a  view  to  selecting  the 

best. 

The  pattern  having  the  smallest  internal  resistance  was  a  very  old  one,  designed 
probably  fifty  years  ago.  It  consisted  of  a  copper  jar  5J  inches  in  diameter  and  7 
inches  high,  with  a  concentric  cylinder  of  the  same  metal  soldered  to  the  bottom. 
The  zinc,  enveloped  in  a  bladder,  wasjnserted  in  the  annular  cavity,  which  was  1  inch 
wide.  The  internal  resistance  of  this  cell  did  not  exceed  0.3  ohms  ;  and  it  would  fire 
an  ordinary  platinum  fuze  readily  through  a  short  leading  wire. 
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The  history  of  the  sulphate  of  copper  battery  showe  that  the  first  modificatioDs 
in  the  original  form  (which  was  similar  to  the  above)  were  to  redace  the  copper 
sarface  and  to  replace  the  bladder  with  a  porous  earthen  cup,  both  of  which  had  the 
effect  to  increase  the  internal  resistance.  The  deposit  of  copper  on  the  porous  cup 
proved  troublesome  and  led  to  its  virtual  abandonment,  at  least  in  this  country,  where 
the  gravity  form,  soon  to  be  described,  has  superseded  all  others. 

With  the  Minotto  form  of  the  cell,  sand,  sawdust,  and  sponge  have  been  tried  aa 
separating  media.  They  are  all  convenient  for  movable  batteries ;  but  nodules  of 
copper  are  apt  to  extend  towai-d  the  zinc  plates,  and  for  stationary  cells  experience 
has  shown  that  the  type  is  not  to  be  recommended.  When  used,  a  disc  of  flannel 
embedded  in  the  separatrix  will  be  found  of  decided  advantage  in  checking  the 
troublesome  copper  deposit  The  internal  resistance  of  this  class  of  cells  ia  usually 
about  6  or  7  ohms ;  and  a  battery  of  a  half  dozen  elements  has  been  kept  at  work  on 
an  external  circuit  of  about  60  ohms  without  any  material  variation  in  the  strength  of 
current  for  several  months.  An  English  pattern,  having  large  plates  (zincs  of  a  grid- 
iron form)  and  an  exceptionally  thin  separatrix  of  sawdust,  gave  an  internal  resistance 
of  only  1,5  ohms ;  but  its  endurance  was  correspondingly  shortened.  An  American 
variety,  known  as  the  Eagle  battery,  consists  of  a  lead  vessel  which  contains  the 
materials  and  also  acts  as  the  negative  plate.  The  internal  resistance  is  low,  but  the 
vessel  is  liable  to  leak  from  the  action  of  the  sulphuric  acid  upon  impurities  in  the 
lead. 

The  modern  type  of  the  sulphate  of  copper  cell  acts  on  the  gravity  principle. 
The  copper  plate  rests  at  the  bottom  of  the  cell  surrounded  by  a  saturated  solution  of 
cupric  sulphate.  The  zinc  is  suspended  above  in  a  dilute  solution  of  zinc  sulphate. 
These  two  aqueous  solutions,  if  carefully  protected  against  mechanical  disturbance, 
remain  separate  by  virtue  of  a  difference  of  specific  gravity,  and  the  troublesome 
copper  deposit  on  the  separatrix  is  thus  prevented. 

There  are  many  forms  of  the  gravity  battery,  known  by  the  names  of  their 
designers  or  patentees,  but  the  differences  are  all  in  minor  details  of  arrangement 

The  Callaud  form  (French)  was  probably  the  original  type.  The  copper 
electrode  is  composed  of  strips  1.5  inches  wide,  folded  together  in  the  form  of  a  four- 
pointed  star  and  supported  edge  upward  to  preserve  the  surface  free  from  dropping 
impurities.  The  zinc  is  cast  in  a  similar  form  with  the  points  united,  for  strength,  by 
a  circumscribing  baud.  Both  are  suspended  from  a  wooden  strip  laid  across  the 
mouth  of  the  jar.  The  chief  objections  to  this  pattern  are  rapid  evaporation,  and  the 
difficulty  of  adding  cupric  sulphate  without  disturbing  the  solutions.  A  film  of  oil 
reduces  the  former,  but  it  makes  the  cell  dirty  and  hard  to  keep  in  order. 

The  Hill  cell  is  an  American  pattern  of  tliis  battery.  The  copper  in  the  form  of 
a  circular  disc  rests  on  the  bottom,  and  is  connected  with  the  exterior  by  a  copper 
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wire  coated  with  gutta-percha.  The  zinc  is  a  circular  disc  hollowed  on  the  bottom, 
and  pierced  by  a  central  hole  to  facilitate  the  escape  of  oxygen  and  permit  the  intro- 
duction of  cupric  sulphate.  It  is  suspended  horizontally,  about  3 J  inches  above  the 
copper,  hanging  from  the  edge  of  the  jar  by  a  brass  hook  which  also  constitutes  the 
negative  pole.  By  thus  dispensing  with  the  wooden  strip,  all  danger  of  creeping  of 
salts  from  one  pole  to  the  other  is  avoided. 

The  Meidenger,  or,  as  it  is  known  in  this  country,  the  Chester  enduring  cell, 
consists  of  an  ordinary  6  by  8  inch  jar,  on  the  bottom  of  which  rests  a  conical-shaped 
tumbler.  The  copper  cylinder  is  contained  in  this  tumbler  and  is  connected  with  the 
exterior  by  an  insulated  wire  forming  the  positive  pole.  The  zinc  cylinder  is  capped 
with  a  flat  disc  which  forms  a  cover  to  the  jar  and  thus  prevents  evaporation. 
Through  a  hole  in  the  center  of  this  cover  a  glass  cylinder  extends  down  into  the 
tumbler  and  there  terminates  in  a  small  hole  about  ^  of  an  inch  in  diameter.  This 
glass  is  designed  to  hold  a  few  crystals  of  sulphate  of  copper  which  dissolve  gradually 
and  furnish  the  needful  supply  round  the  copper  plate.  The  internal  resistance  of 
this  pattern  is  high,  but  it  works  well  in  a  circuit  of  large  resistance. 

This  effort  to  prevent  the  mixing  of  the  solutions  by  mechanical  means  was 
followed  by  the  Lockwood  patent  in  1873.  The  copper  plate  consists  of  two  flat 
spirals  of  copper  wire  united  by  an  upright  copper  rod.  The  lower  coil  rests  on  the 
bottom  of  the  jar,  and  is  connected  with  the  exterior  by  an  insulated  wire  forming  the 
positive  pole.  The  zinc  is  suspended  from  the  top  of  the  jar  by  a  frame  resting  on  its 
edges.  In  setting  up  the  battery,  the  full  supply  of  sulphate  of  copper  is  placed 
between  the  spirals.  The  chief  deposit  is  upon  the  lower  spiral,  the  function  of  the 
upper  being  to  reduce  the  diluted  solution  near  the  junction  of  the  two  and  thus 
prevent  any  copper  from  reaching  the  zinc.  The  internal  resistance  varies  from  4  to 
15  ohms,  according  to  the  mode  of  setting  up,  and  on  a  closed  circuit  of  low  resistance 
the  battery  does  good  service. 

After  the  appearance  of  the  Lockwood  cell,  Chester  modified  his  "enduring" 
element  by  suppressing  the  glass  tumbler,  enlarging  his  copper  cylinder  and  support- 
ing it  on  legs  to  raise  the  top  to  the  point  of  junction  of  the  two  fluids.  He  also  cut 
off  the  bottom  of  his  glass  tube  so  that  it  became  a  simple  pipe  for  introducing  the 
crystals  of  sulphate  of  copper  to  the  bottom  of  the  jar  without  disturbing  the  solutions. 
These  changes  reduced  the  internal  resistance  to  two  or  three  ohms,  and  improved  the 
element  for  a  circuit  of  low  resistance. 

The  pattern  of  gravity  cell  known  as  the  Watson  is  the  latest  introduced  into  our 
market  (May,  1876) ;  and  it  is  perhaps  the  best  form  for  use  as  a  signal  battery.  It 
consists  of  an  ordinary  6  by  8  inch  glass  jar,  covered  by  a  porcelain  disc.  The  zinc, 
annular  and  massive,  is  attached  to  the  cover  by  metal  rods.  The  negative  element 
is  an  inverted  lead  funnel.     The  cylindrical  part  is  5  inches  long  and  2  inches  in 
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diameter,  and  is  protected  by  paint  where  it  traverses  the  solution  of  zinc  sulphate. 
The  cone  is  5.5  inches  in  diameter  at  its  base,  where  it  rests  on  the  bottom  of  the  jar, 
and  is  pierced  by  several  holes  to  permit  the  free  passage  of  the  solution  of  cupric 
sulphate.  A  large  deposit  of  copper  forms  on  this  cone,  and  it  is  well  to  cut  one  side 
open  to  avoid  any  wedging  in  the  jar  in  consequence.  The  internal  resistance  varies 
from  3  to  6  ohms. 

This  form  combines  all  the  merits  of  its  various  predecessors,  viz,  no  porous  cell, 
no  evaporation,  negative  plate  of  large  surface  extending  entirely  through  the  solution 
of  cupric  sulphate,  facility  of  charging  whenever  desirable,  a  receptacle  for  the  drop- 
pings from  the  zinc  where  they  do  not  mingle  with  the  crystals  of  the  sulphate  or 
cover  the  negative  plate,  and  lastly,  convenient  binding  posts  on  the  cover.  It  has 
been  provisionally  adopted  as  the  best  form  of  signal  battery  for  the  Torpedo  Service. 

The  Chloride  of  Silver  Cell — lingle  fluid.— This  cell  has  recently  been  highly  recom- 
mended in  Europe  as  a  convenient  element  for  testing  insulation  resistance;  and  has 
attracted  attention  from  the  enormous  battery  (12,000  cells)  used  by  Mr.  Warren  De 
La  Rue  in  his  experiments  upon  electricity  of  high  potential. 

In  1878  a  battery  of  200  testing  cells  was  purchased  from  Clarke,  Muirhead  &  Co., 
of  London,  for  trial.  They  were  arranged  by  fifties  in  trays  14  by  7.5  by  5  inches. 
Each  cell  consisted  of  a  glass  cylinder  0.8  inches  in  diameter  and  2.5  inches  high, 
containing  a  small  rod  of  zinc  and  a  strip  of  silver  tipped  with  melted  chloride  of 
silver,  immersed  in  a  saturated  aqueous  solution  of  sal-ammoniac.  Evaporation  was 
checked  by  a  cork  which  closed  the  cell  and  supported  the  electrodes.  A  strip  of 
paper,  wound  loosely  around  the  negative  plate  and  gummed  at  its  edges,  served  to 
separate  the  latter  from  the  zinc. 

This  cell  has  an  electro-motive  force  of  about  1.14  volts  and  an  internal  resistance 
of  about  35  ohms,  but  the  latter  gradually  increases  from  the  oxychloride  crystals 
which  form  on  the  zincs. 

The  endurance  of  this  battery  disappointed  the  expectations  formed  from  the 
notices  in  the  Engh'sh  electrical  journals.  In  a  couple  of  months  dry  cells  began  to 
appear,  and  from  the  manner  in  which  they  were  coupled  together  it  was  not  easy 
to  add  fluid.  The  paper  seemed  to  aggravate  the  difficulty,  and  salts  soon  made  their 
appearance  around  the  corks.  To  obviate  this  difficulty,  the  latter  were  soaked  in 
paraffine  oil,  but  apparently  without  any  advantage  ;  and  after  two  or  three  renewals, 
for  which  the  construction  is  very  ill  adapted,  the  whole  battery  was  taken  apart  to 
be  cleaned  and  tried  in  a  modified  form.     Experiments  with  it  are  still  in  progress. 

The  Clark  Stasdud  CeU-Hungle  fluid.— This  cell  is  generally  accepted  as  the  best  vol- 
taic standard  for  electro-motive  force ;  and  in  measurements  of  this  quantity  it  has 
been  used  almost  exclusively  at  Willets  Point. 

The  cell,  after  extensive  tiials,  was  proposed  as  a  standard,  by  Mr.  Latimer  Clark, 
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in  a  paper  read  before  the  Royal  Society,  in  1872.  As  this  paper  is  not  readily  acces- 
sible, the  following  quotation,  which  sufficiently  describes  the  composition  of  the  ele- 
ment, is  given: 

"  The  battery  is  composed  of  pure  mercury  as  the  negative  element,  the  mercury 
being  covered  by  a  paste  made  by  boiling  mercurous  sulphate  in  a  thoroughly  satu- 
rated solution  of  zinc  sulphate,  the  positive  element  consisting  of  pure  zinc  resting  on 
the  paste.  The  best  method  of  forming  this  element  is  to  dissolve  pure  zinc  sulphate 
to  saturation  in  boiling  distilled  water.  When  cool,  the  solution  is  poured  off  from 
tjie  crystals  and  mixed  to  a  thick  paste  with  pure  mercurous  sulphate,  which  is  again 
boiled  to  drive  off  any  air ;  this  paste  is  then  poured  on  to  the  surface  of  the  mercury 
previously  heated  in  a  suitable  glass  cell ;  a  piece  of  pure  zinc  is  then  suspended  in 
the  paste,  and  the  vessel  may  be  advantageously  sealed  up  with  melted  paraffine  wax. 
Contact  with  the  mercury  may  be  made  by  means  of  a  platinum  wire  passing  down 
a  glass  tube  cemented  to  the  inside  of  the  cell,  and  dipping  below  the  surface  of  the 
mercury,  or  more  conveniently  by  a  small  external  glass  tube  blown  on  to  the  cell, 
and  opening  into  it  close  to  the  bottom.  The  mercurous  sulphate  (Hg2S04)  can  be 
obtained  commercially  (the  author  has  obtained  it  from  Messrs.  Hopkin  &  Williams, 
5  New  Cavendish  street) ;  but  it  may  be  prepared  by  dissolving  pure  mercury  in 
excess  in  hot  sulphuric  acid  at  a  temperature  below  the  boiling  point :  the  salt,  which 
is  a  nearly  insoluble  white  powder,  should  be  well  washed  in  distilled  water,  and  care 
should  be  taken  to  obtain  it  free  from  the  mercuric  sulphate  (persulphate),  the  pres- 
ence of  which  may  be  known  by  the  salt  turning  yellowish  on  the  addition  of  water. 

**  The  electro-motive  force  of  the  elements  thus  formed  is  remarkably  uniform 
and  constant,  provided  the  elements  be  not  connected  up  and  allowed  to  become  weak 
by  working.  A  long  series  of  comparisons  was  made  between  various  elements,  some 
of  which  had  been  made  many  months,  and  it  was  found  that  the  greatest  variation 
among  them  all  did  not  differ  from  the  mean  value  more  than  one-thousandth  part  of 
the  whole  electro-motive  force ;  such  a  large  difference  was,  however,  very  unusual, 
and  might  have  been  due  to  slight  differences  of  temperature. 

"  Several  experiments  were  made  to  determine  the  variation  of  the  electro-motive 
force  produced  by  temperature,  from  the  mean  of  which  it  appears  that  the  electror 
motive  force  decreases  with  increased  temperature  in  the  ratio  of  about  .06  per  cent, 
for  each  degree  Centigrade  ;  for  example,  an  element  gave  relative  values  of  .9993  at 
0°  C.  and  .9112  at  100°  C,  between  which  limits  the  decrease  appeared  nearly  pro- 
portional to  the  increments  of  temperature.  These  results,  however,  might  be  verified 
with  advantage. 

"  The  element  is  not  intended  for  the  production  of  currents,  for  it  falls  immedi- 
ately in  force  if  allowed  to  work  on  short  circuit.  It  is  intended  to  be  used  only  as 
a  standard  of  electro-motive  force  with  which  other  elements  can  be  compared  by  the 
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use  of  the  electrometer  or  condenser,  or  other  means  not  requiring  the  use  of  a  pro- 
longed current  The  author  finds  that  the  most  delicate  method  of  making  these 
measurements  is  by  means  of  liis  potentiometer  (see  'A  Treatise 'on  Electrical  Meas- 
urement,' by  Latimer  Clark,  London,  1868,  p.  106). 

"  As  it  was  desirable  to  determine  the  value  of  the  force  of  the  element  in  al>80- 
lute  measure  and  in  terms  of  the  British  Association  units,  a  very  careful  series  of 
measurements  was  made  by  the  electro-dynamometer  constructed  for  the  British 
Association  Committee  and  referred  to  in  their  report  for  1867,  and  also  by  means  of 
a  sine  galvanometer  of  somewhat  novel  form, 

"  The  following  tables  give  the  results  obtained : 

Volt*. 

"  We  h>ve,  therefore,  tbe  mean  value  of  the  eleotio-motive  force  of  the  ituidard 

cells,  aa  determined  liy  tJie  electio-dynamometer,  13  obaervationa 1.45735 

Ab  detenulned  by  the  sine  gaWuionietM',  13  obaervationa 1. 45<i2I 

Meanvslne 1.45678 

"  Or  since  no  importance  can  be  attached  to  the  figures  beyond  the  third  place  of 
decimals,  1.457  volt  or  British  Association  unit  of  electro-motive  force,  equal  to 
145,700  absolute  electro-magnetic  units. 

"The  value  of  H,  the  horizontal  component  of  the  earth's  magnetic  intensity,  a 
knowledge  of  which  is  necessary  for  the  determination  by  the  sine  galvanometer,  was 
kindly  supplied  for  each  day  by  the  Astronomer  Royal " 

These  directions  have  been  scrupulously  followed  in  preparing  the  standard  cells 
for  use  at  Willets  Point. 

To  avoid  any  deterioration  the  custom  has  been  to  keep  at  least  two  cells  on 
band,  set  up  on  difi'erent  dates.  So  soon  as  any  discrepancy  in  their  indications 
appears,  a  new  one  is  set  up,  and  the  defective  cell  is  condemned. 

To  procure  in  our  market  protosulphate  of  mercury  aufiiciently  pure  to  give  no 
indications  of  Turpeth  mineral  when  water  is  added,  was  found  so  difficult  that  a  sup- 
ply was  imported  from  the  manufacturer  named  by  Mr.  Clark,  in  his  paper.  This 
has  ^ven  perfect  satisfaction,  being  identical  in  its  indications  with  a  small  sample  of 
the  pure  salt  prepared  at  Willets  Point.  ' 

This  cell  is  remarkably  constant  when  carefully  set  up  with  pure  chemicals  and 
used  exclusively  with  a  condenser,  so  as  never  to  close  its  circuit ;  and  the  convenience 
is  very  great  of  having  always  at  hand  in  the  laboratory  so  trustworthy  a  standard 
of  electro-motive  force.  The  following  record  will  give  a  correct  idea  of  its  constancy 
under  such  circumstances. 

On  November  24,  1875,  a  cell  (No.  Ill)  was  set  up  in  this  manner,  using  the 
imported  protosulphate.  On  December  8,  1876,  another  cell  (No.  IV)  was  prepared 
in  like  manner,  and  compared  with  No.  Ill  by  charging  a  half  microfarad  condenser 
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for  30  seconds  and  discharging  through  a  Thomson  galvanometer  without  a  shunt,  the 

Cell  IV. 

Swings    330  203 

330  189 

330  203 

330  190 


temperature  being  48 

°  Fahr. 

Cell 

III. 

Swings 

328 

190 

328 

192 

329 

190 

329 

192 

328 

190 

328 

191 

Mean  328.  3  190.  8  Mean  330.  0  196. 2 

Air  correction    34.  4  Air  correction    33.  4 


Corrected  swing    362.  7  divisions.         Corrected  swings     363.  4  divisions. 

These  measCirements  indicate  a  discrepancy  of  0.003  volts  between  the  two  stand- 
ards, proving  that  no  sensible  deterioration  had  occurred  in  No.  Ill  during  the  year. 

On  April  10,  1878,  a  fresh  cell  (No.  I)  was  set  up  and  compared  in  like  manner 
with  No.  Ill,  showing  a  difference  of  0.032  volts  in  the  electro-motive  force  (1.454 
volts)  of  the  element. 

On  October  16,  1879,  another  new  cell  was  compared  in  the  same  way  with  No. 
III.  The  difference  between  them  was  only  0.0 11  volts  in  an  ejlectro-motive  force  of 
1.454  volts.  On  January  19,  1880,  these  cells  were  again  compared,  and  they 
differed  only  0.024  volts,  the  sign  being  different  from  that  of  the  October  comparison. 

On  the  same  day  (January  19,  1880),  No.  Ill  was  compared  with  a  cell  set  up 
three  months  before,  using  protosulphate  of  mercury  prepared  at  Willets  Point  The 
difference  between  these  two  cells  was  0  012  volts.  Tested  again  on  April  10,  1880, 
they  showed  the  same  numerical  difference,  but  with  a  contrary  sign. 

In  fine,  these  tests  prove  that  cell  No.  Ill  remained  without  sensible  deterioration 
from  the  date  on  which  it  was  set  up  (November,  1875)  until  April,  1880.  During 
this  long  period  it  was  kept  in  a  dark  closet,  at  an  equable  temperature ;  and,  as  it 
was  used  only  with  a  condenser,  its  circuit  was  never  closed  even  for  an  instant.  It 
should  be  added  that  similar  cells  treated  in  like  manner  have  often  showed  a  falling 
off  in  electro-motive  force  after  standing  a  year  or  more.  It  is,  therefore,  necessary 
to  verify  the  condition  of  a  standard  cell  by  occasionally  comparing  it  with  elements 
newly  set  up. 

The  Secondary  Cell-Hiingle  fluid.— To  the  class^  of  powerful  and  momentary  batteries 
belongs  a  very  peculiar  type,  in  which  advantage  is  taken  of  the  phenomenon  of  polari- 
zation to  store  up  the  work  performed  by  two  or  three  small  constant  elements,  acting 
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for  a  considerable  time,  in  such  a  shape  as  to  be  readily  transformed  into  a  powerful 
current  acting  for  a  short  time. 

The  name  secondary  battery  has  been  given  to  this  device,  which  is  analogous 
to  the  condenser  used  for  collecting  powerful  electric  charges  by  the  continuous  work 
of  a  feeble  generator,  like  a  frictional  machine.  Nothing  resembling  the  angmetita- 
tion  of  the  charge  by  induction  occurs ;  but  an  eflFect  similar  to  the  residual  charge  is 
exhibited,  due,  probably,  to  a  temporary  reversal  of  superficial  polarization. 

In  its  best  form  a  secondary  cell,  as  recently  perfected  by  M.  Plants,  consists  of 
a  sealed  jar  containing  dilute  sulphuric  acid,  one  part  to  ten  by  volume.  Witliin  it 
are  placed  two  lead  plates,  carefully  insulated  by  rubber  bands  from  each  other,  but 
rolled  in  a  common  spiral  which  is  suspended  vertically  from  two  wires,  each  leading 
from  one  of  the  plates  to  a  terminal  binding  screw. 

Like  any  other  cells,  these  may  be  coupled  either  in  series  or  in  multiple  arc, 
but  for  charging  they  sliould  be  joined  only  in  the  latter  mannei-.  Three  Bunsen 
cells  are  suflficient,  to  charge,  in  ten  minutes,  a  battery  of  twenty  cells  capable,  when 
discharged  in  aeries,  of  producing  a  momentary  effect  equivalent  to  that  of  tliirty 
Bunsen  elements. 

To  accomplish  this  result,  if  the  cells  are  new,  a  certjun  preKminary  "formation" 
is  necessary.  That  is,  the  current  of  the  charging  battery  should  several  times  be 
I  sent  for  about  an  hour  in  one  direction,  and  reversed  for  a  like  period.     The  more 

I  times  such  reversals  are  repeated,  and  the  older  the  plates  become,  the  better  will  be 

'  the  results  obtained. 

The  utility  of  these  preliminary  reversals  arises  from  the  alternate  formation  of 
plumbic  peroxide,  and  its  reduction  to  plumbic  protoxide,  on  the  opposed  surfaces;  a 
gradually  thickening  coat  is  thus  formed  that  enables  them  the  better  to  retain  tlie 
oxygen  and  hydrogen  to  which  the  secondary  current  owes  its  orTgin. 

After  the  plates  are  thus  well  coated,  it  is  better  to  use  for  ordinary  charging  a 
current  unchanging  in  direction.  This  state  is  indicated  when  both  plates  are  covered 
with  an  adherent  reddish  coat,  and  when  no  escape  of  the  gases  occurs  until  about 
six  or  eight  minutes  after  the  charging  current  is  sent  through  them.  When  the  gases 
begin  to  appear  freely  the  battery,  is  charged. 

These  cells  improve  with  age,  and  no  renewal  of  the  solution  is  requisite. 

Ttie  strong  secondary  action  continues  on  a  short  circuit  for  ten  or  fifteen  minutes; 
and  for  a  longer  time,  if  more  external  resistance  be  added.  The  plates  retain  their 
charge  for  long  periods,  if  the  circuit  is  kept  open,  or  only  closed  for  a  few  instants 
at  a  time.  In  a  word,  the  available  electrical  work  which  can  be  performed  by  the 
secondary  battery  is  only  about  10  per  cent  less  than  that  expended  in  charging  it 

After  the  plates  are  once  well  formed,  it  is  not  necessary  to  employ  a  strong  bat- 
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tery,  like  the  Bunsen  element,  to  charge  them.  Feeble  cells,  like  Daniell's,  will  serve 
the  same  jprnpose,  only  more  cells  and  more  time  should  be  allowed. 

These  plates  are  supplied  by  M.  Plantt?  as  follows:  Large  single  cells  having 
plates  each  9  by  17  inches.  Twenty  cell  batteries  arranged  with  a  commutator  so 
that  they  can  all  be  coupled  in  series,  or  in  multiple  arc,  by  a  single  movement 
The  size  of  the  plates  is  4.5  by  7  inches  Lastly,  the  Briquet  de  Saturne,  or  lead 
tinder  box,  which  contains  a  small  secondary  battery  kept  constantly  charged  by  three 
small  Daniell  cells.  By  closing  the  circuit  through  a  short  piece  of  platinum  wire 
placed  across  the  wick  of  a  taper,  light  may  be  instantly  obtained  from  the  reddening 
of  the  wire. 

The  following  measurements,  made  on  a  Briquet  de  Saturne  at  the  Torpedo 
School,  will  explain  precisely  how  so  surprising  a  result  as  the  reddening  of  a  platinum 
wire  (No.  33  B.  W.  G.)  can  result  from  the  action  of  three  little  Daniell  cells.  The 
measured  electro-motive  force  of  each  of  these  cells  was  1.02  volts;  the  internal 
resistance  was  26.83  ohms ;  the  electro-motive  force  of  the  secondary  cell  was  1.96 
volts;  and  its  internal  resistance  was  0.29  ohms.  Therefore  the  charging  current, 
which  stored  up  its  work  in  the  secondary  cell,  was: 

^  3Xim_      ^  3.06         .038  weberB. 

3  X  5i6.83  +  0.29      80.79 

The  resistance  of  the  platinum  wire  and  connections  was  0.76  ohms.     Therefore 

the  current  which  lighted  the  taper  was : 

^  =  b.2rf  0.76  =  ^'^^  ^^^"^■^' 

That  is,  although  the  secondary  cell  had  only  about  two-thirds  of  the  electromo- 
tive force  of  the  charging  battery,  the  internal  resistance  of  the  latter  was  eliminated — 
which  accounts  for  the  strong  current  developed  through  its  agency. 

As  a  firing  battery  in  sea  coast  defence,  this  type  would  offer  the  great  advan- 
tage of  restricting  attention  to  two  or  three  charging  cells ;  but  experience  has  shown 
that  there  is  danger  of  occasional  contacts  occurring  between  the  plates  in  the  cells, 
which  are  troublesome  to  correct ;,  and,  upon  the  whole,  it  has  been  thought  better  to 
use  a  less  complex  arrangement. 
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DETAILS   OF    EXPERIMENTS  WITH   THE    RINGS, 
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Details  of  oxperiment. 


Gauge. 


Lead  oylinder. 


Explosive*,  roortar  powder ;  rlnj;,  3  foot ;  charge, 
50  potiuds;  subiuergenco,  30  fi«et;  ilopth  of 
water,  30  foot;  case,  woo«lon,  1-lm'h  pine  :  igni- 
tion, Smith's  batter}',  10  Dowse-Sniitli  fuses 
(powder).  EtTects :  FiriMl  on  September  8, 1870, 
the  apparatus  slung  from  a  polo  projecting  from 
bow  of  ponton ;  water  rose  in  a  5-fuot  dome, 
with  central  jet  30  feet  high. 

Explosive,  mortar  powder ;  ring,  5  foot ;  charge. 
SO  pounds;  submergence,  16  feitt;  depth  of 
water,  31.5  feet;  Gam\  wiHxlen,  1-inch  pine;  | 
ignition,  Smitli's  batter^',  10  Dowse-Smitb  fuxes 
(p<iwder).  Effects:  Fired  October  15,  1870,  the 
apparatus  supported  by  a  strong  oil  keg ;  cose 
probably  leaked,  giving  t-oo  small  a  record ;  the  j 

keg  was  not  ipjured  Iiy  explosion.  j 

I 

Explosive,  mortar  powder ;  ring,  3  foot ;  charge,  j 
100  pounds;  submergence,   15  feet;  depth   of 
water,  30  feet;  case,  wooden,  1-incb  pine;  igni-  I 
tion.   Smith's  battery,  20  Dowse-Smith    fuzes 
(puwdi-r).    EffecU :  Fired  Octob4>r  10,  1870,  the  j 
apparatus  susp<^nde4l  from  strong  oil  keg ;  jet 
about  180  feet  high ;  keg  was  crushed,  letting  \ 
ring  fall  to  the  bottom. 

Explosive,  mortar  powder ;  ring,  3  foot ;  charge, 
100  pounds;  submergence,  45  feet;  depth  of 
water,  100  feet;  case,  wooden,  1-inch  pine; 
ignition,  Smith's  batt«*ry,  20  Dowsc-Smith  fuzes 
(iMiwder).  Effects:  Fired  OctolM*r  10.  1870,  the 
apparatus  suspendeil  by  strong  oil  keg.  which 
was  not  iujuriHl;  jet  about  120  feet  high;  cas<i 
well  broken. 

Total  failure  by  reason  of  leakage. 

Explosive,  mortar  powder ;  ring,  6  foot ;  charge, 
50  pounds;  submergence,  31  feet;  depth  of 
water,  80 feet;  cas«\  wotNlen.  1-inch  pino;  igni- 
tion, Smith's  battery,  10  Dowse-Sniith  fu7.cs 
(powder).  Effects:  Fired  May  12,  1871;  first 
use  of  iron  buoy  and  ponton  with  windlass: 
the  charge  was  submerged  an  hour,  causing 
case  to  leak ;  attached  torpedo  gauges  ttf  wooden 
Hoats,  which  were  torn  apart. 

Total  faOure  by  reason  of  leakage. 


Kind. 


No. 


3 
3 


Number. 


Diameter. 


Shorten- 
ing. 


3 
4 

5 
6 

• 

Torpe<lo. 
Do. 

1 

2 
3 
4 
5 
0 
Torpedo. 
Do. 

1 
2 
3 
4 
5 
(S 
Torpedo. 
Do. 

1 
2 
3 
4 
5 
0 
Torpwlo. 
Do. 


1 
2 
3 
4 

5 
6 

7 
8 


Jnehet. 


0.4 
0.4 
0.4 
0.4 
0.5 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.6 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.6 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


Per  square  inch. 


Energy. 


Inehe$.      FootM>$. 


0.152 
0.101 
0.110 
0.154 
0.220 
0.213 
0.075 
0.042 


0.010 
0.008 
0.008 
0.009 
0.007 
0.013 
0.012 
0.031 


0.057 
0.090 
0.089 
0.040 
0.286 


0.005 
0.013 
0.000 
0.011 
0.022 
0.008 
0.077 
0.020 

0.308 
0.192 
0.111 
0.117 
0.205 
0.272 


5.24 
10.76 
3.26 
3.86 
4.44 


61.73 
27.89 
12.59 
13.57 
30.98 
49.70 


19.84 
11.06 
13.90 
20.22 
34.82 
32.05 
7.42 
3.56 


Pressure. 


Lbt. 


3,012 
4,871 
2,195 
2,242 
2,702 


15,610 
0,190 
5,407 
5,682 
9,858 

13,508 


7,328 
4,961 
5,775 
7.416 
10,655 
10,271 
8,802 
2,329 


B«)marks. 


Ko«.  1  and  2  gauges 
not  used. 


Gauge  lost. 


Load  slipped. 
Do. 


Gauge  lost. 
Do. 


No.  23 43 


('S37) 
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AITENDIX   A. 

Detaih  of  cxpvritiienta  tcith  the  KinifH — Curitiiiued. 


'    Kind.      Number.  Dian 


xplwUve, 

nort 

-rpo-dBT 

rtuB,  5f<«t,  cbarB.'. 

M  iH>iin.l 

iib...rr-^«ir.-.  31  f«-t;    ri^|.tli   or 

water.  70 

ttv 

;  nuw.  wuodon.  l-liuli  pinr;  IkdI- 

tioD.Smil 

h.««!.a..iii.Bij.>^rii.o 

fuu's.     KIT.'tT 

•  :  C»-oo 

l.lrntly  li'HknI.  as  iU 

■n,    larBO 

HuraOv 

M 

villlwbn.. 

n-d  imidi.-. 

:|>l>nun',  norUr  iHiorili-r;  riBK.  S  RhI  ;  rliatKi'. 
100  pMiniLii  aulmivrtfi'Dcr,  31  tn-l;  ili'iilli  ut 
■Bt.T,  60 f.tt ;  raw,  wnHlrn.  l-inth  plm-;  IkdI. 
tl<in.  SnilHiit  b*lttT>'.   18  I)u»«i-Rnillb  fum 

Hani  In  thi- Jet:  caaebnik.'D  luaniallUlU;  uatil 


w-hMu 


l|W»lfl 


ori«il 


60  iwunila;    aii))nicra<-iiin>,    SI  Irci:   ilrplli 

wsler.  SSIimti  ciUH',  wonU-D.  Mudi  |iim-i  Igi 
Kon.  SmlLh'H  Iwth'ry,  10  Ituwe 


llijdyc^rio. 


EiplaaiTC,  mortar  |»w<l«ri  riatt,  S  fool^  iliutin-.  ' 
IM  iHHiDila:  wilinicrKi-iiii-.  31  firt:  di>|>(L  of  I 
iralor.  S3  liwl :  vur.  wiKid.'n,  Mnrb  ]<<»■;  Itfnl.  ' 
tion,  Smltli'.  niHchiiu%  Ml  DuVH'.RDiltli  r,i«.«  ' 
(IHwdtr).    KHwIi:   Bnoy  llirunn  30  frt-t  ii|J- 

balfamUadlBlaut. 


Eipkiaivr,  mortar  powiliT;  rlnjr.  5  foM:  vliarp', 
100  pouuda,   mbiu.rjn-oiM!.  31  fit*!  ilutiUi  nf 

tloa,  Siu<t]rsinui:bla(%2u  tXiww-Siiillli  Klyirrlno 
ruM*.  Kfl-HlB;  Kii>B  »li-utk  by  mlili'  bhuj!« 
aockeli  buoy  thruwu  up  abuut  'iS  tvrt  liiJ«L 


FoolBtt.        Lbt. 


..<  1 


0.310 

fc.'.i| 

15iM6 

0.1IB 

1100 

5^773 

0.12« 

1S.« 

8,  If* 

11.21 

5,0IM 

IS.  00 

5,T75 

0.101 

11.00 

4,»I 

0.101 

11. o« 

4,  Ml 

0.W8 

(LOSS 

160 
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Details  of  experiments  with  tlie  Rings — Continued. 


§ 


J 


o 


13 


14 


15 


Details  of  oxprriroeot. 


Explosive,  O.  P.  Co.  coiuponnd  ami  niortnr  powth^r: 
ring,  5  foot;  chare-,  18-f  ISpoiiiHls:  HulinK^r^iice, 
31  feet;  depth  of  wuU<r,  120  f(M*t;  ciwe,  wikmIimi, 
12-inch  cube  of  1-iuch  pino;  {«aiition,  Smith *h 
battery,  10  Dowse-Smiih  Kb'^'**>*^"<^  fu%e«i. 
Effects :  Sharp  explosion,  hnvin«;  three.  fliHiinct 
sounds ;  box  palvcrized ;  many  Hsh  liilU^l ;  Imtko 
1-inch  iniu  Ixtlt,  and  let  naff  fall  on  <mI«;o. 


Explosive,  mortar  powdt^r ;  i  in^;,  5  foot ;  charge, 
100  pounds;  submcr^nce.  35  feet;  depth  of 
water,  35  feet;  case,  wooden,  l-inch  pine;  \iPii- 
tion,  Smith's  machine,  20  Dowse-Siiiit  h  glyc<>rtne 
fuzes.  Effec^ts :  lioat  drifted,  dragging  ring  on  t 
bottom;  I  eject,  l>ecause  oast^  may  have  shlfu^d 
position ;  the  explosion  was  uotmnl. 


16 


17 


water,  80  feet;  case,  wooilen,  Much  pine;  Igni- 
tion, Smith's  mat^hine,  80  Dowsf-Smith  fuzes 
(glycerine).  Effects :  Buoy  thrown  30  or  40  feet 
upward  with  jet ;  gauge  lost  by  parting  of  raw- 
hide rope. 


Explosive,  O.  P.  Co.  compound;  ring,  5  foot; 
charge,  18  pounds ;  submergence,  31  feet ;  deptli 
of  water,  72  feet ;  case,  wooden,  12-inch  cube  of 
1-inch  pine ;  ignition,  Smith's  battery,  5  Dowse* 
Smith  glycerine  fuzes.  Effects:  Charge  in  bag 
bedde<l  in  sawdust;  the  two  torpedo  gauges 
were  so  upset  by  shoclc  that  it  was  inipossiblc 
to  open  them  ;  jet  20  to  30  feet  high. 


Explosive,  O.  P.  Co.  compound  and  mortar  powder ; 
ring,5foot;  chargo,18-f  18 pounds;  submergence, 
31  feet;  depth  of  water,  100  feet:  case,  wooflen, 
12-inch  cube  of  1-inch  pine;  ignition.  Smith's 
battery,  10  Dowse-Smith  glycerine  fuzes 
Effects:  Compound  caked;  broke  attachment- 
ring  of  baoy,  letting  ring  sink ;  recovere<1  by 
grappling. 


Gauge. 


Kind.       Nnml>er. 


No. 
1 
1 
I 
1 
1 
1 
3 
3 
1 
1 


Explosive,  mortar  powder ;  ring,  5  foot ;  charge,  !         i 
160  pounds;  submergence,   31   f(*et;   depth  of,       'l 


1 
1 
1 
1 
3 
3 
1 
1 


1 
1 
1 
1 
I 
I 
3 
3 


1 
1 
1 
1 
1 
1 
3 
3 
1 
1 


1 
2 
3 
4 


5 


6 
7 
8 


Torpedo. 
Iht. 


1 

1 

1 

2 

1 

3 

1 

4 

1 

5 

1 

0 

3 

7 

3 

8 

1 

Torpedo 

1 

Do. 

Lead  cylinder. 


Diameter. 


1 
o 

3 
4 

5 
G 
7 
8 
Torpedo. 
Do. 


1 
2 
3 
4 
5 
6 
7 
8 


1 
2 
3 
4 


5 


6 
7 
8 


Torpedo. 
Do. 


TneheM. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


Shorten- 
ing. 

Inches. 
0.102 

0.174 

0.11)8 

0.105 

0.191 

0. 210 

0.218 

0.194 

0.127 


0.032 
0.  o:>5 

0.027 
0.  050 
0.035 
0.052 
0.015 
0.032 
0.137 
0. 185 


0.170 
0.156 
0.251 
0.168 
0.207 
0.162 
0.083 
0.102 
0.224 


0.189 
0.200 
0.183 
0.201 
0.186 
0.208 
0.134 
0.124 


0.181 
0.210 
0.103 
0.215 
0.177 
0.210 
0.104 
0.073 
0.159 


Per  square  inch. 


Energy. 


Foot-thM. 
75.47 

65.20 

79.16 

77  22 

74.88 

87.00 

5.62 

4.64 
41.28 


0  007 
0.019 
17.05 
26.43 


23.32 
20. 61 
43.34 
22.03 
31.45 
21.79 
0.066 
0.085 
35.87 


73.74 
80.40 
70.38 
81.13 
72.08 
85.74 
2.65 
2.37 


69.24 
93.47 
76.05 
90.55 
66.95 
03.47 
1.86 
1.16 
57.35 


Pressure. 


Lbi. 

17,847 
16,199 
18,423 
18,120 
17,756 
10,620 
3,1.^8 
2,782 
11,935 


38 

69 

6,620 

8.8G8 


8,157 

7,512 

12. 331 

8,066 

9.058 

7,795 

162 

194 

10,860 


17, 576 
18,625 
17,035 
18,729 
17,300 
19,430 
1,015 
1,774 


16,850 
20.582 
17,938 
20.150 
16,477 
20,582 
1,510 
1,103 
14,862 


llemarks. 


Defective  lead. 
Lead  slipped. 


Gauge  lost. 


Lead  defective. 
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APPENDIX   A. 


Details  of  experimenU  vntk  the  Rings — GoiitiQued. 


i 

|i 



IB 

Kiplo-fvc,  mnrtjir  powrtc-r:  rinit,  S  too 

M  poutrii:   ■DbmiT^niio',  31    foot: 

■fttor.  70  loot-.  CRW,  wcKHlrD,  Linch  p 

tkoi.SmitiriimMliilii-,  IDUoirai'^niltl 

foMw.    Smt^:  Nor™l. 

upliM 

VMno 

rWr  powder:  Tinjt.  S  to 

nt:  durfw, 

l«o  ponnd. 

Bolmie 

rcpiirp,   31   r<«i 

drptli  of 

WHifT 

OSfrV 

vomlni,  Mnrli 

plx..,  iBBi- 

tion.i 

mith' 

■vllOT) 

lO-DDWKv&nl 

.BljTrino 

l«vm 

EfliK 

iplwiv..,  a  p. 

Co.   WHnpouutli   rinit  5  f 

chiira<>,  IBpoun 

■ :  Kiilnni'Tconiv.  31  tivt ;  d 

of  WBt*r,  m  fo 

t;   r«n.  wo,>,ha,  Mnr,!.  p 

lBultioil,amill.- 

ino  fiiipii.    Rffc 

colorol:  ch«  p 

Iveriiol. 

tlnn.  Smith's  IntliT.v 
riiH'S.  EObetii:  Itrol 
ring  fall  to  bottont. 


BiplosEvo,  mortar  powdwi  Hjij;,  S  tooti  chmBO, 
lU  poDiKls;  ■nljfnprcrncr,  3t  fret:  dopth  nf 
val«r,  SS  fwi;  caw,  wnmlrii.  l-ineh  pinn  Ignl- 
Uon,  Smltli'ii  lallCTj-.  M  Doww-Smilli  jdyc'riiH- 
toiea.  Eflteto:  llrohe  bolt-held  at  buo.v  and 
lottlDe  lUIIabattom:  broliontir-hUlnropo  uul 


Eiploilve,  O.  P.  Co.  camponnd;  Hiif(,  5  li 
olHU-gc,  It)  poDodH ;  nil<in«rGonc(i,  31  fc>rt ;  <li 
of  outer,  U  Text  i  CRK,>ro(Hlon.:.|n(ih  pine:  i 
tion,  amUh'n  battcr>',  S  Uowar-Smltb  Kb'cc 
Tain.  Eflrtia:  CnmponiHl  ladl.v  cnktil; 
tinned  Tltb  mud. 


CngB. 

LMdejlinder. 

For«,u. 

rolncb- 

KcaiAK.      I 

1 
Kind-    iMoDibOT. 

Shorton- 

Pr««.rp 

Ko. 

/nc«ei. 

aMt 

Fo-l-lb,. 
t.78 

11 

LU. 

2.83S 
2,tl0 
2.*58 
2.  MM 

at 

3.  OS 

2.102 

g 

at 

aiMD 

3se 

3.2t2 

1 

a  019 

aoo» 

M 

O-t 

aoK 

0.012 

Torpwlo, 

o.t 

0.131 

15.03 

e,m 

Uo- 

0.4 

0.077 

13.13 

6.SM 

3,103 
3.800 

lais 

t,BM 

Vt 

OlOBO 

C.9Q 

8.10 

3,63! 
t,2«8 

at 

O.0B8 

iaT« 

t,87l 

0,OM 

at 

0,OET 

aoto 

Its 

TorpHlo- 

at 

0,!lt 

33.21 

10. 3M 

Dn. 

6 

H 

0,  IM 

ai« 
aiM 

(0.23 

llt-3t 

41.70 

to.  42 

11,813 
13,  MO 
12,018 

ii.no 

H 

aiM 

l.«T 
0.83 

12.100 
1.408 

' 

'  ; 

r! 

E 

1.8B 

l.S2» 

1,368 

2.27 

i.m 

a* 

a  010 

1.3t 

1,211 

0,028 

2.17 

0.008 

i.m 

3> 

Torpedo. 

at 

am 

14.42 

B,018 

I.O. 

" 

0.0U 

laiB 

t.I8( 

J 

a  130 

17.  to 

6,700 

1 

a  t         a  158 

21.01 

7,«0« 

a4 

aiM 

20. « 

7,S12 

a  103 

28.11 

B,OT 

:: 

a  ISO 
a  lis 

a  103 

2S.J7 
33.47 

aose 

10,180 

Torpodo. 

»4 

0.128 

41.70 
4S.B0 

ia,6ss 

12,018 
12,T6t 

OWE^I-'-             1 

::: 

O.UG 

o,ise 

5ai2 

S5.70 

liSSl 
13,587 
13,303 

it.irs 

a4 

O.OM 

1.03 

1.0IS 

1 

a* 

aoM 

0.82 

»74 
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DeUiiU  of  experiments  with  tJie  Rings — Continued. 


i 

a 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

Original 
ber. 

Details  of  experiment. 

Remarks. 

Kind. 

Number. 

Diameter. 

Sliorten- 
ing. 

Energy. 

Pressure. 

No. 

IlVChM. 

Inches. 

Footlbt. 

Lb«. 

24 

Explosive,  mortar  powder;    ring,  5  foot ;  charge, 

1 

0.4 

0.057 

5.24 

3,012 

50  pounds ;   submergence,  08  feet;   depth   of 

2 

0.4 

0.002 

5.83^ 

3,238 

wat«r,  110  feet ;  case,  wooden,  2- inch  pine ;  igni- 

3 

0.4 

0.005 

0.20 

3.373 

tion,  Smith's  battery,  10  Dowse-Sraitli  glycerine 

4 

0.4 

0.087 

9.04 

4.332 

ftizes.    Effects :  Windy  and  rough ;  buoy  rose 

5 

0.4 

0.057 

5.24 

3,012 

its  length  and  sunk  luick  and  reappeared  before 

0 

0.4 

0.080 

&90 

4,288 

water  began  to  bubble ;  lost  hold  of  lowering 

3 

7 

0.4 

0.003 

0.001 

13 

rope  and  had  to  raise  ring  by  wire  bnoy  -ro|M>,  a 

3 

8 

... 

None  used. 

Job  of  two  hours. 

3 

0 

0.4 

0.003 

0.001 

13 

3 

10 

0.4 

0.004 

0.002 

16 

3 

11 

0.4 

0.005 

0.047 

131 

» 

1 

Torpedo. 

0.4 

0.100 

10.02 

4,018 

25 

Explosive,  mortar  powder ;  ring,  5  foot ;  charge. 

1 

0.4 

0.108 

12.11 

6,270 

100  pounds;  submergence,  08  feet;    depth  of 

2 

0.4 

0.103 

11.35 

5,047 

water,  100  feet ;  case,  wooden,  2-inch  pine ;  igni- 

3 

0.4 

0.129* 

15.57 

0,231 

tion,  Smith's  batt(«rv,  20  DowseSroith  glycerine 

1 

4 

0.4 

0.158 

21.01 

7,009 

fuzes.    EffeGt8:  Buoy  rose  its  length  above  a 

5 

0.4 

0.110 

13.90 

•    5,775 

dome  of  water  about  10  fi^et  higli ;  fragments  of 

0 

0.4 

0.155 

20.41 

7,403 

case  compressed  )  of  an  inch. 

3 
3 

7 
8 

0.4 

0.003 

0.001 

13 

None  used. 

3 

0 

0.4 

0.040 

.   0.025 

85 

3 

10 

0.4 

0.038 

0.023 

81 

• 

3 

11 

0.4 

0.012 

0.000 

33 

1 

Torpedo. 

• 

0.4 

0.189 

27.25 

9,050 

20 

Explosive,  mortar  powder ;  ring,  5  foot ;  charge, 

1 

0.4 

0.087 

9.04 

4,332 

100  pounds;   submergence,  08  f(M>t;   depth  of 

2 

0.4 

0.090 

10.70 

4.871 

water,  100  A^tt ;  case,  wooden,  2-in(')i  pine ;  igni- 

3 

0.4 

0.103 

11.35 

5.047 

tion.  Smith's  battery,  20  Dowso-Smith  glyc4;rine 

4 

0.4 

0.127 

15.20 

0,148 

fuzes.    Effects:  Similar  to  last. 

5 

0.4 

0.124 

14.07 

0,015 

• 

0 

0.4 

0.122 

14.42 

5,918 

3 

7 

0.4 

0.040 

0.025 

85 

3 

8 

•  •  •  • 

None  used. 

3 

0 

0.4 

0.027 

a  015 

69 

• 

8 

10 

0.4 

0.010 

0.006 

29 

^ 

3 

11 

0.4 

0.049 

0.032 

102 

27 

Explosive,  moriar  powder;  ring,  5  foot;  charge, 

1 

1 

0.4 

0.112 

12.75 

5.453 

100  pounds;   submergence,  33  feet;   depth  of 

1 

2 

0.4 

0.130 

15,73 

0,873    ' 

.    water,  71  feet;  case,  wootlen,  2inch  pine;  igni- 

1 

3 

0.4 

0.130 

15.73 

0,273 

tion,  Smith's  battery,  20  Dowse-Sniith  glyc»>rine 

1 

4 

0.4 

0.138 

17.23 

0,004 

fuzes.     Eifocts:   Explosion  nominl;   In^gan  to 

1 

5 

0.4 

0.140 

17.57 

0,763 

use  ponton  raft  (July  0, 1871). 

1 

0 

0.4 

0.155 

20.41 

7,403 

3 

7 

0.4 

0.004 

0.040 

129 

3 

8 

0.4 

0.051 

0.034 

100 

• 

1 

Torpedo. 

0.4 

0.145 

18.54 

7,000 

28 

Explosive,  mortar  powder;  ring,  5  foot;  charge, 

1 

1 

0.4 

0.055 

5.00 

2,922 

, 

50  pounds;    submergence,  33  feet;    depth   of 

1 

2 

0.4 

0.0G4 

0.08 

3,328 

water,  75  feet;  case,  wooden,  2inch  pine;  igni- 

. 1 

3 

0.4 

0.050 

5.12 

2,007 

tion,  Smith's  battery,  lODowsc-Smith  glycerine 

1 

4 

0.4 

0.055 

5.00 

2,922 

fuzes.    Effects:  Explosion  normal. 

1 

5 

0.4 

0.040 

3.98 

2,509 

1 

0 

0.4 

0.000 

0.32 

3,410 

8 

7 

0.4 

0.071 

0.053 

>      141 

• 

3 

8 

0.4 

0.025 

0.014 

57 

1 

Torpedo. 

0.4 

0.120 

15.11 

0,100 
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APPENDIX   A. 
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DctailHofnipvrlnK 


irimw'lpr:  rine.  5Sool:  chnrep. 
i1>nior0i-nc»,  SI  fi-<-l ,  il<-|>lh  »r 
;  Our,  voAdj^.Z-Lncli  itlim:  i^vl\- 
H'hliiK.  10  ltnwiiB-»<nitli  Kl.vr.'Hno 


ion  pniinili!  unlimcreniird,  33  tivt;  i1i<pth  at 
wat4fr,  AO  fi-fit;  flun,  wAnlcn,  1-inflb  ploo;  Ifcnl- 
It™,  Smith-*  Imtti-ry.  7  Dowim.'fullli  Kl.vmrlnp 
fniriL  Effi-cU:  lliinyiihiu:klr.b<i1tlinikn.lpttinK 
rint  dnvn;  plori'  nf  rnbliiT  cnp  lilnirn  iinilor 
■trmna  of  «lru  loviTJnjE  nipu  mi  It  fnlilO  not  Iv 


fiit^wiiTr,  mortHT  povdi^rL 


'II  l<ntl«ry,  U  Unw^i-S 


>r  pnwiliT:  rtni,  4  font;  rlmrflr, 
iillH>iKre<'n»-.  33  r«i(i  ibiith  of 
mH>.  ■'iHiiliiii.  !-inrh  piao:  lf(al- 
al(.rv, »  Dowiv-Sinllh lElyniriiii' 

I:  Kaniutl. 


W-U-i.Krwt:  ran*,  ivo.Hl,.n.  Z-inr.h  pin.':  icni- 
li.m,  Sniltli'ii  Imtlflry,  I  DowH-Sniiih  bIjtitIiii; 
ftiw.    ElTwOi;  VrtKnu-nlsnroMPmtlmrLirKn. 


Lrul  cyllndiir. 

j  '!!_ 

Inrha.   {   /ix&t. 


Energy.    Prewnni. 


rVMt-»t.        Uh. 


o.mt        a.m   1 


5.8M 
B,2M 
4,«M 


5.12  I      2,M7 

S.S3  3.238 

11.44  I      3,400 

B.03  [      3,S:tl 

0.003  18 

0.017  65 

15.  !S  6,14« 
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Details  of  experiments  with  the  Bin{fs — Continued. 


« 

a 

1 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

Original 
her. 

Details  of  cxi>eriment. 

Kind. 

Numlior. 

Diameter. 

Energy. 
FootAba. 

Remarks. 

Shorten- 
ing. 

Pressure. 

No. 

iMhet. 

Inches. 

Lb9. 

35     Explosive,  mortar  powder;  ring,  4  foot;  charge, 

1 

1 

0.4 

0.170 

23.32 

8,157 

100  pounds;   sabmorgence,  33  feet;    depth  of 

I 

2 

0.4 

0.175 

24.32 

8,388 

water,  05  feet;  case,  wooden,  2inoh  pine ;  igni- 

1 

3 

0.4 

0.120 

15.67 

6,231 

tion,  Smith's  battery,  0  Dowsc-Smitii  glycerine 

1 

4 

0.4 

0.191 

27.68 

9,142 

fuzei).    Effecta :  Cable  gauge-bolts  broke,  letting 

1 

5 

0.4 

0.188 

27.05 

9,004 

ring  down ;  buoy  fell  on  side,  from  Jet. 

1 

0 

0.4 

0.185 

2a  43 

8,868 

3 

7 

0.4 

0.047 

0.031 

99 

» 

8 

0.4 

Lost  gauge. 

1 

• 

1 

ToriHMlo. 

0.4 

0.105 

11.64 

5,133 

;      36 

Explosive,  mortar  powder ;  ring,  4  foot ;  charge, 

1 

1 

0.4 

0.119 

13.90 

5,775 

100  pounds;   sulnnergenee,  33   feet;    dcptli  of 

1 

2 

0.4 

0.116 

13.40 

6,636 

\ 

water,  05  feet ;  cos*',  wixNlen,  l-iutii  pine  ;  igni- 

1 

3 

0.4 

0.166 

22.54 

7,975 

tion,  Smith's  battery,  I  Dowse-Smitli  fuze  (pow- 

1 

4 

0.4 

0. 124 

14.67 

6,015 

der).    Effects:  Hpm^-  fell  lu  boat  100  feet  from 

I 

• 

5 

0.4 

0.136 

16.88 

6,575 

torpedo. 

1 

0 

0.4 

0.136 

16.88 

0,575 

y 

3 

t      3 

7 

8 

0.4 
0.4 

0.035 

0.021 

75 

» 
Lead  slipjied. 

1 

1 

TorjMHlo. 

0.4 

0.196 

28.78 

9,384 

37 

Explosive,  mortar  powder ;  ring,  4  fwit ;  clmrgr, 

1 

I 

0.4 

0.167 

22.74 

8,020 

100  pounds;   Hubmergenee,  33  feet;    deptli  of 

1 

2 

0.4 

0.153 

20.03 

7.360 

water,  00  feet;  e^ise,  wo<MU'n,  lineli  pine;  igni- 

1 

3 

0.4 

0.148 

19.09 

7,138    , 

tion,  Smith's  battery,  25  Dowse-Smitli  glycerine 

1 

4 

0.4 

0.109 

12.27 

5,315 

fuxes.    Elfeets :  Normal  explosion. 

1 

5 

0.4 

0.113 

12.81 

5,408 

1 

G 

0.4 

0.120 

15.57 

6,231 

3 

7 

0.4 

0.081 

0.063 

158 

3 

8 

0.4 

0.059 

0.042 

118 

1 

Torpedo. 

0.4 

0.040 

4.33 

2,655 

38 

1 

Explosive,  nioHar  powder ;  ring,  4  foot ;  cliarge. 

1 

1 

0.4 

0.135 

ia7i 

6.631 

1 

100  ]Jonnds;   aubtnergtuice,   33  ft^^t;   deptli  of 

1 

2 

0.4 

. 



Bent  by  blow. 

1 

1 

water,  101  fiMjt ;  cam\  wooden,  2-incIi  i»ine ;  igni- 

I 

3 

0.4 

0.136 

16.88 

6.575 

tiou,  SniitirH  battery,  1  DowHeSiiiitb  glyct^riiio 

1 

4 

0.4 

0.144 

18.35 

6,951 

fuse.    Eflfectn:  Ibilo  of  wii-e  rope  head  broke, 

1 

5 

0.4 

0.162 

21.79 

7,795 

letting  ring  down  ;  cable  gauge  fell  on  No.  2. 

1 

6 

0.4 

0.140 

17.67 

6,763 

3 

7 

0.4 

0.060 

0.043 

120 

3 

8 

■  •  « 

None  used. 

1 

1 

ToriJedo. 

0.4 

0.188 

27.05 

9,004 

1 

39     ExploHive,  niortiir  |>owder;  ring,  4  foot;  cliarge, 

1 

1 

0.4 

0.122 

14.42 

5.918 

200  iwundti;   Hiibni«'rgenc4*,   33  tW-t;   depth  of 

1 

2 

0.4 

0.124 

14.67 

6,015 

1 

water,  105  fo«it ;  e^ims  woo<U»u,  2-ineli  pine ;  igni- 

1 

3 

0.4 

0.152 

19.84 

7.323 

. 

tion.  Smith's  battery,  1  Dowse-Smitli  fuze  (pow- 

1 

4 

0.4 

0.116 

13.73 

5,729 

der).    Effecta:  Normal. 

1 

5 

0.4 

0.151 

19.65 

7,276 

1 

G 

0.4 

0.147 

18.90 

7,092 

3 

7 

0.4 

0.081 

0.063 

158 

• 

3 

8 

0.4 

0.088 

0.070 

170 

0 

1 

Torpedo. 

0.4 

0.085 

8.76 

4,246 

, 

40  !  Exploaive,  mortar  powder ;  ring,  4  foot ;  eliargo. 

1 

1 

0.4 

0.140 

17.67 

6,753 

100  pounds;   Hubmergenee,   33  fuet ;  depth  of 

1 

2 

0.4 

0.177 

24.74 

8,484 

water,  105  fe4*t;  case,  wooden,  2-inch  pine;  igni- 

1 

3 

0.4 

0.158 

21.01 

7,600 

tion,  Smith's  battery,  7  Dowsc-Smith  glycerine 

1 

4 

0.4 

0.172 

23.72 

8,249 

fuzes.    Effects:  Normal. 

1 

5 

0.4 

0.106 

28.78 

9,384 

1 

6 

0.4 

0.105 

2&54 

9,332 

3 

7 

0.4 

0.057 

0.040 

115 

3 

8 

0.4 

0.105 

0.088 

198 

1 

Torpedo. 

0.4 

0.113 

12.81 

5,498 
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1 
p 

1        o™.. 

Loadiylindor. 

Perwioi 

reinch. 

Bcmuki. 

DeUlls  of  Bipcrimcnt                           — ; 

Klnrt,     IKurabor. 

ing."" 

Energy. 

Pr«.ur. 

:       So.       , 

IndM. 

Inehti, 

J^«(Jft.. 

«.». 

Kipliwlvs.mortu  ponder;  rtDK,  4  foot;  chM-Bc            1                 I 
100  pounds  i    sabmvrKrucp,  0  ItH:   <l^pth   ur            lis 
wBter.  IB  feel i  ciBo,  wqmlen.l-inEh  pine:  ipil-  ,         1                 a 
tion.SDiltli's  battery,  lO-DowK-SmithelKi^rliio            I        |         4 
faiM.    BffectaiTlieriBKHtmupporti-dbylwu  ;         1                 S 
btmlai  thoy  wuio  cruslied  by  Ibc  oipbialon,  ,         1        |         e 

0.4 

0.4 

Eingh««. 

and  Ihe  ring  *».  lost;  Jet  over  SOD  fo-t  l.tgh. 

1        !  Torpedo. 

0.4 

0.141 

17.76 

8,802 

■ 

*i 

EiploilTe,  mortar  powder;  rin)-.  3  Toot:  cbuico. 

1        i         1 

0.4 

aitu 

22.35 

7,>3S 

1 

1                    2 

0.4 

0,151 

19.05 

7.270 

water,  IM  f«.t ;  can*,  woodoii,  !-)iicli  plnr ;  IsdI- 

Le»l   K.--l-'i.Wlj 

tlaD.SliiltL'abaltfiry.Zl>uw>i--Siiiilhniieatpow. 

23.11 

8,111 

onitb^. 

drrl.andlZfwlGtnawfiia,.    EH«ls:  Nonin.1. 

r^ 

:\ 

0.221 

0.042 
O.IDIII 

37.74 

as.  08 

0.003 

11.244 

10,-08 

17 

s.z:o 

1 
] 

« 

B«plo.iT«.  O.  P.  Co.  oonipouud,    rioK,    3    root; 
cbBrge,e  poiindH;  BUbDU'rutMU'o.  32  t>vtt  AejMi 
of  water.  1113  f.Tt;  cu.-,  wooilen,  12.iuch  eul«. 

1 

I 

;; 

0.0T4 

18.08 

7.300 
8.684 
8,028 

i 

I-iQcta  pine ;  iKUltJOII,  Sullb's  ballLTy,  2  llnww' 

4 

0.4 

0.US2 

12.83 

S,3»S 

Smith |jlycertn«f««8.    EIT.ct.:  Domi-ofwoter 

0.087 

0,711 

lOfMtblgb. 

■ 

8 

0.4 

a.ois 

0.02B 

1ft  42 

307 
484 

1 

^ 

^ 

04 

0.104 

70  04 

18,039 

a 

0.4 

0.304 

83.10 

10,  Ml 

of  WBtor,  100  fvet;  ra»L:  IS-incli  I'libe.  I-iiirb            1 

piuo ;  iKDHioii.  Smltb'a  batti^ry.  S  DonM-Sniitli            1 

4 

0.4 

0 

101 

74.88 

17.75S 

glycerine  fuioi.     EfTi'Ctit;  Dome  nf  water,  IS 

170 

03.10 

15,837 

r«thigh.      - 

1        '         8 

0.4 

0 

101 

74. «« 

17. 7M 

074 

1.118 

' 

6 

0.4 

0.030 

0.3S 

4H 

4S 

Eipioaiie.  morlu  powder,  rInB,  S  foot;  eharee.  i         i 

1 

0.4 

0.103 

11.04 

-■■.,133 

S.004 

watCT.Wfect;  CUM.-,  wuodi!D,2-incli  pine;  iRiil-  1          I       1         3 

IW 

io.ira 

UoD,  Smith's  baUury,  10    Dows.'-Smilli  fuies            1       -         4 

0.4 

« 

OM 

4.2W 

and  II  feet  of  Guioi.s  fuse.     Elf,-.ls:  Ton«»lo-  |          1 

085 

4.248 

gau)^  attacb«d  by  3  bral.lod  leading  wli«  and            1 

e 

0.4 

0 

D7S 

T.42 

3,802 

raw-hide  rape;  both  bold. 

I 

I 

Vt 

1 

014 

0.007 

53 

^ 

Torpedo. 

0.6 

" 

2M 

4.44 

3,702 

' 

40 

Eiplwdte.  mortar  powder;  ring.  3  foot ;  cbargi.'. 

1 

0.4 

o,ore 

7.K8 

3.990 

M  pauDdl;   anbmcrgenro.  32    feet;   ilepth   of 

I 

0.092 

8,73 

4,654 

wRtoT.  K  feel,  auH,  wooden.  2-iDeb  pino,  lenl. 

10.18 

4. 084 

Uon,  Smith's  lattery,  9  l)ows«-Smith  elyterino 

181 

27.58 

8,076 

fasoa.    Effocti;  King  seeu  In  the  Jet  sbaut  IV 

1 

0.4 

0 

134 

IB.  SI 

8,470 

fwt  above  wa-level ;  hraided  wire,  on  torpedo- 

1 

0.4 

0 

loe 

11.80 

M70 

gangB  bmke:  raw -hide  held. 

> 

Torpedo. 

D.4 

0.5 

0.201 

o.otn 

3.W 

48 
1,9B» 

i 

DETAILS  OF  EXPERIMENTS. 


345 


Details  of  experiments  with  the  Rings — Continued. 


a 
S 


-3  & 


V 

o 


47 


48 


49 


SO 


51 


52 


DeteiUi  of  exporinient. 


Bxplosivo,  mortar  powder ;  ring,  3  foot ;  charge, 
ICO  ponnda;  sabmergonco,  32  fiH>t;  depth  of 
water,  05  feet ;  ease,  wooden,  2-inch  piue ;  igni- 
tion, Smith's  battery,  9  DowBO-Smith  glycerine 
fusses.    Effects:  Fine  explosion. 


Exploslre,  O.  P.  Co.  compoand;  ring  3  foot; 
oharge,  18 pounds;  submergenco,  32  feet ;  depth 
of  water,  85  feet ;  case,  wooden  cube,  12  Inches, 
1-inch  pine;  ignition,  Smith's  battery,  2  Dowse- 
Smith  glycerine  fuses.  Bffects:  Case  literally 
broken  to  small  match  wood ;  dume  15  feet  high. 


Bxplosive,  mortar  powder ;  ring,  3  foot ;  charge, 
50  pounds;  submergence,  32  feet;  depth  of 
water,  102  feet;  cane,  wooden,  2-inch  pine ;  igni- 
tion, Smith's  battery,  1  Dow»o-Suilth  glycerine 
fuze.    Effects:  King  thrown  into  air  by  tlie  Jet. 


Explosive,  dynamite  Xo.  1;  ring  3  foot;  charge, 
6  pounds;  submergence,  32  feet :  deptli  of  water, 
100  feet ;  case,  double  wooden,  of  1-iuch  pine ; 
ignition.  Smith's  battery,  2  Dowsc-Smith  glycer- 
ine fuses.  Effects :  Sockets  forced  home  hard ; 
1  gib  broken;  No.  5  gauge-pin  slightly  upset; 
case  pulverized ;  local  action  excessive ;  water 
rose  only  5  feet. 

Explosive,  mortar  powder;  ring,  3  foot;  cliarge, 
100  pounds;  submergence.  Of i*et,  depth  of  water, 
26  feet;  case,  wooden.  1-inch  pine;  ignition, 
Smith's  battery,  9  Dowse-Smith  glycerine  fuzes. 
Effects:  Ring  snpporte«l  by  large  box  with  two 
guard  ropes  for  raising ;  Jet  265  feet  high ;  l>ox 
thrown  in  fragments  above  highest  water; 
ring  recovered  from  mud  11  feet  over  its  top. 

Explosive,  mortar  powder;  ring,  8  foot;  charge, 
100  pounds;  submergence,  32  feet;  depth  of 
water,  88  feet ;  case,  woo<len,  2-inch  pine ;  igni- 
tion. Smith's  battery,  1  Dowse-Smith  glycerine 
fuze.    Effects:  Normal. 


Gauge. 


Kind. 


No. 


3 
3 
2 


3 
3 


3 
3 
2 


3 
3 


1 
1 
1 
1 
1 
1 
I 


1 
1 
1 
1 
1 
1 
3 
3 
2 


Number. 


1 
2 
3 
4 
5 
0 
7 
8 
Torpedo. 

1 
2 
8 
4 
5 
6 
7 
8 


1 
2 
3 
4 
5 
6 
7 
8 
Torpeda 

1 
2 
3 
4 
6 
6 
7 
8 


1 
2 
3 
4 
5 
6 
Torpedo. 


1 
2 
3 
4 


5 


6 
7 
8 
Torpe<lo. 


Lead  cylinder. 


Diameter. 


Inches. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

-0.4 

0.4 

0.5 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 

a4 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.5 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.5 


Shorten- 
ing. 

Inehei. 
0.187 

0.157 

0.293 

0.268 

0.237 

0.245 

0.067 

0.087 

0.473 


0.237 
0.236 
0.237 
0.227 
0.255 
0.266 
0.121 
0.071 


0.103 
0.105 
0.098 
0.080 
0.067 
0.091 
0.038 
0.013 
0.344 


0.272 
0.271 
0.271 
0.262 
0.204 
0.320 
0.121 
0.056 


0.187 
0.223 
0.255 
0.250 
0.249 
0.288 
0.120 


0.145 
0.177 
0.220 
0.218 
0.128 
0.123 
0. 035 
0. 03R 
0.427 


Per  square  inch. 

Energy. 

Pressure. 

Foot-lbs. 

Lbs. 

20.  Si 

8.950 

20.81 

7,560 

56.32 

14,681 

48.50 

13,291 

39.40 

11,569 

41.65 

J2,007 

0.025 

80 

0.036 

108 

12.62 

4,758 

106.6 

22,465 

105.8 

22,360 

106.6 

22,465 

99.2 

21. 418 

120.5 

24,380 

129.6 

25,598 

2.29 

1,738 

1.12 

1,078 

11.35 

6,047 

11.64 

5,133 

10.61 

4.824 

&12 

4,037 

6.44 

3,400 

9.59 

4.510 

0.023 

81 

0.006 

34 

5.89 

3,258 

134.4 

26,226 

133.6 

26,118 

133.6 

20.118 

120.3 

25,156 

153.2 

28,618 

170.0 

31, 740 

2.29 

1,738 

0.82 

874 

2&84 

8.959 

35. 61 

10, 815 

44.52 

12,  555 

43.05 

12,275 

42.77 

12,  221 

54.72 

14,403 

14.07 

5.821 

ia54 

7,000 

24.74 

8,484 

34.82 

10,655 

34.28 

10,645 

15.42 

6,189 

14.59 

5,967 

0.021 

75 

0.023 

81 

8.54 

4,175 

Remarks. 
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Details  of  experiments  with  the  Rings — Continued. 


a 
•si 


50 


GO 


61 


62 


83 


64 


I>et4ii]»  of  experiment. 


Explosive,  mortar  powder;  ring,  4  foot;  charge 
200  potindH;  submergence,  43  feet;  depth  of 
water,  109  feet ;  ciUHs  wooden,  2-inc1i  pine ;  igni- 
tion, Smifch'H  hatter^-,  9  Dowfie-Smith  glycerine 
fuses.    Effects : .  Fine  explosion. 


Explosive,  mortar  powder ;  ring,  4  foot:  charge 
100  pounds;  submergence,  33  feet;  depth  of 
water,  100  feet;  case,  woo<len, 2-incIi  pim^;  igni- 
tion, Smith's  batter^',  1  Abel  powder- fuse.  Ef- 
fects: Normal. 


Explosive,  gun-cotton;  ring,  4  fo<it;  cliarge,  6 
pounds ;  submergence,  33  feet ;  depth  of  water, 
108  feet;  case,  double  wooden  cube  of  I  inch 
pine;  ignition.  Smith's  battery,  1  Abel  detonat- 
ing fuze.    Ettects:  Normal. 


Explosive,  dualin ;  ring,  4  foot ;  charge  6  pounds ; 
submergence  33  feet;  depth  of  water,  110  feet; 
case,  double  wooden  of  1  inch  pine;  ignition. 
Smith's  battery,  1  DowseHniith  glycerine  fuze. 
Effects :  Strong  smell  after  explosion. 


Explosive,  gun-cotton;  ring,  4  foot;  charge  12 
pounds ;  submergeue^s  33  f(«et ;  depth  of  water, 
110  feet;  cose,  duulde  wiKKlen  of  1-incli  pino; 
ignition,  Snnth's  battery,  2  Aliel  dotenating 
fuzes.    Effects :  Local  damage  to  iron- work. 


Explosive,  O.  P.  Co.  compound;  ring,  4  foot; 
charge,  18  pounds ;  submergence,  33  feet ;  depth 
of  water,  110  fe(*t ;  case,  woo<1on,  12- inch  cube 
of  1-inch  pine;  ignition.  Smith's  batti^ry,  2 
Dowse-Smith  glycerine  fuzes.  Effects:  Dark 
scnm  rose  to  surface  of  water  after  explosion  ; 
the  i>owder  was  caked. 


Gauge. 

Lead  cylinder. 

Per  square  inch. 

Bemarks. 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

No. 

Inehtt. 

Inehe$. 

Foot4b9. 

Lba. 

-% 

1 

0.4 

0.329 

60.66 

16,533 

2 

'     0.4 

0.260 

46.05 

12,840 

3 

0.4 

0.260 

4&05 

12,840 

4 

0.4 

0.286 

54.03 

14,283 

J 

5 

0.4 

0.239 

39.95 

11,678 

4 

6 

0.4 

0.276 

50.92 

13,729 

3 

7 

0.4 

0.136 

0.127 

253 

3 

8 

0.4 

0.053 

0.036 

109 

2 

Torpedo. 

0.5 

0.702 

22.79 

8,032 

1 

1 

0.4 

0.166 

22.54 

7,975 

1 

2 

0.4 

0.125 

14.95 

6,064 

1 

3 

0.4 

0.147 

18.90 

7,092 

1 

4 

0.4 

0.143 

18.15 

6,901 

1 

5 

0.4 

0.116 

13.40 

5,636 

1 

G 

0.4 

0.128 

15.42 

6,189 

3 

7 

0.4 

0.057 

0.040 

115 

3 

8 

0.4 

0.087 

0.070 

170 

2 

Torpetlo. 

0.6 

0.488 

10.81 

4,884 

1 

1 

0.4 

0.163 

59.42 

15, 217 

1 

2 

0.4 

0.137 

46.13 

12,851 

1 

3 

0.4 

0.165 

60.43 

15,390 

1 

4 

0.4 

0.128 

41.70 

12,018 

1                 5 

0.4 

0.128 

41.70 

12, 018 

I 

6 

0.4 

0.123 

39.47 

11,584 

3 

7 

0:4 

0.017 

0.19 

825 

3 

8 

0.4 

0.040 

0.53 

654 

1 

0.4 

0.165 

60.43 

16,390 

2 

0.4 

0.201 

81.13 

18,729 

3 

0.4 

0.164 

50.92 

15,303 

4 

0.4 

0.164 

59.92 

15^303 

5 

0.4 

0.136 

45.66 

12,704 

G 

0.4 

0.140 

5L34 

13,049 

3 

7 

0.4 

0.080 

1.31 

1,196 

3 

8 

0.4 

0.047 

0.66 

754 

1 

0.4 

0.301 

159.6 

29.434 

2 

0.4 

0.318 

176.9 

31,492 

3 

0.4 

0.277 

13a  7 

• 

26,778 

4 

0.4 

0.274 

136.1 

26.442 

5 

0.4 

0.259 

123.8 

24,820 

G 

0.4 

0.259 

123.8 

24,820 

3 

7 

0.4 

0.039 

0.51 

639 

Vt 

3 

8 

0.4 

0.078 

L27 

1.169 

• 

1 

0.4 

0.148 

51.03 

13,850 

2 

0.4 

0.147 

50.73 

13,768 

3 

0.4 

0.082 

22.65 

7,000 

4 

0.4 

0.125 

40.42 

11,770 

5 

0.4 

0.101 

29.98 

0,640 

6 

0.4 

0.092 

26.82 

8,841 

3 

7 

0.4 

0.060 

0.89 

025 

3 

8 

0.4 

0.044 

0.60 

713 
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^VPPENDIX   A. 
Details  of  experimenUt  with  the  Ringa — Coptiuiied. 


Detail!  ot  experimen' 


KloA.      Namber.  DKmoler.'  ' 


I  Energy.   Pitaman. 


EiploclTc,  mOTUr  powder ;  riDK,  4  TiHit^  rliiir|ie. 
200  poDDcU;  «nbniergeace  13  fept;  dvplh  of 
wntrr.  9»  tetl;  efp.  wiw]«i],  Z-lncli  pico;  IrdI- 
tlw,  Smith's  baCUiry,  1  Abel  pawderfiiw. 
fecta;  Loettorptilg  RBujceliy  thepRrtinRoI 
nV'hUn  ropea ;  riii|;  abvwod  *  bad  vuld. 


a.lnebpinc;  fgDlUon,  Snil 
Smltli  glycerine  fnie.  S 
moTedi  voter  bulled  up  i 


Iiploeire,  dnallni  rinjf.  4  foot;  ohATge,  1  pound; 
■ubmorKeuw,  31  fwt ;  deplb  of  wnter.  9S  tuft ;  ' 
cue,  WDodeu,  O-iuch  cube  of  !£-lnch  pine  j  iirnl- 
tloD,  Smltb's  buttery,  1  Dovw-amilb  glycoriDe 
liuo,    EffeolA :    Konnil. 


Eiplo^re,  dynwnlt«  No-  1 ;  rinjE,  4  foot '.  cbarge,  ' 
1  pound ;  eubmnrEcnoe.  S3  tett ;  drpth  of  wiiI«t. 
06  feet;  CBeo,  woodpn,  S-lncb  unbcofSlnckpliiei 
lEnKlon,  Sniltli'i  bnltcry,  1  DowBt-Smlth  glycer- 
ine fam.  EBbcIs:  Flah  Jumping  IhHn  water  Bt 
100  yu^  dietanoe- 


Eiplo^ve 

gnn-ootlon 

K.    *    t 

wt;    ch 

pound, 

ptbof 

05  feet! 

MM,  WODll™ 

I^ln 

hcube 

cifMnc 

Ignition 

Smltb'gbiitl 

ry. 

torn  tin 

Effects 

Boiling  of  wate 

began 

in  IS  a. 

after  eiphMlau. 


EiploalTe,  merlar  powdei 


05  foet^    caae,  wo 

oden,  2-ln<:h   iiine,   Ignitlo 

Smilb'e  battery, 

DuwH-Sinfth  powder  fuK 

Effect.:  ImmenM 

number  of  iahlimed. 
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Details  of  experiments  with  the  Rings — Continued. 


71 


72 


73 


74 


75 


Details  of  experhneiDt. 


76 


Gauge. 


Lead  cylinder. 


Explosive,  mortar powtlcr;  rlnfr,  4  foot ;  charj^o,  50  | 
•  pounds :  submergence.  33  feet ;  depth  of  water,  '. 

05  feet;  case,  wooden,  2*incb  pine;  ignition,  ; 

Smith's  l)atter>',  1  Abel  powder  fuse.    Effects :  i 

NormaL 


Explosive,  dynamite  No.  1 ;  ring,  4  foot ;  ch»rg(\  0 
poonds ;  submergence,  33  feet ;  deptli  of  water, 
IN)  ft«t ;  case,  doul)io  wooden,  c  f  1-incb  pine ; 
ignition,  Smith's  batt^Ty,  1  Dowse-Smith  glyocr- 
in«  fuse.  Effects :  Fisli  Jumping  from  water  as 
tar  as  the  eye  can  distinguish  them. 


Explosive,  dnalin,  loose ;  ring,  4  foot ;  charge,  12 
pounds ;  submergence,  33  feet ;  depth  of  watiT, 
90  feet;  case,  wooden,  of  1-inch  pine;  ignition, 
Smith's  Ijsttcry,  3  Dowse-Smith  glycerine  fuxes. 
Effects:  Ring  parted  in  two  pieces  at  ImmI  weld, 
developed  by  shot  Na  65 ;  other  damage  to  iron- 
work. 


Explosive,  gun-cotton;  ring,  3  foot;  charge,  3 
poands ;  submergence,  32  fix^t ;  depth  of  wsUt, 
92  feet ;  case,  wooden  cul>e  of  2-inch  pine ;  igni- 
tion. Smith's  battery,  1  Abel  gun-cotton  fuse. 
Effects:  Normal.  Began  use  of  wire  tor|)edo 
slings  (September  16,  1871). 


Explosive,  nitro-glycerine ;  ring,  3  foot ;  charge,  I 
pound ;  snbmergfnc(\  32  feet ;  depth  of  water, 
93  feet;  caite,  glass  bottle,  open;  ignition. 
Smith's  batU^ry,  2  Mowbray  fuses.  Effects: 
Normal.  Milky  state ;  supplied  by  Marcelin  Sc 
Warren. 


Explosive,  nitro-glycerine;  ring,  3  foot;  charge, 
2  pounds ;  submergeucp,  32  feet ;  depth  of  water, 
93  feet;  case,  glass  bottle,  open;  ignition. 
Smith's  machine,  2  Mowbray  fuses.  Effects: 
Similar  to  dynamite  No.  1. 


Kind. 


No. 


3 
8 
2 


8 
8 


8 
3 


3 
3 


8 
3 


Number. 


3 
3 


1 
2 
3 
4 
5 
6 
7 
8 
Torpedo. 


1 
2 
3 
4 

5 
6 

7 
8 


1 
2 
3 
4 

5 
6 

7 
8 


1 
2 
3 
4 

5 
6 

7 
8 


1 
2 
3 
4 

5 
6 

7 
8 


1 
2 
3 
4 
5 
6 
7 
8 


Diameter. 


IneheM. 
0.4 

0.3 

0.4 

0.3 

0.4 

0.3 

0.3 

0.3 

0.5 


0.4 
0.3 
0.4 
0.4 
0.4 
0.3 
0.3 
0.3 


0.4 
0.8 
0.4 
0.4 
0.4 
0.4 
0.3 

a3 


0.4 
0.3 
0.4 
0.3 
0.4 
0.3 
0.8 
0.3 


0.4 
0.3 
0.4 
0.8 
0.4 
0.3 
0.3 
0.8 

0.4 
0.3 
0.4 
0.8 
0.4 
0.8 
0.8 
0.8 


Shorten- 
ing. 


Inehcg. 
0.024 

0.050 

0.019 

0.061 

0.016 

0.047 

0.017 

0.060 

0.179 


0.170 
0.249 
0.158 
0.165 
0.141 
0.191 
0.166 
0.080 


0.308 
0.357 
0.263 
0.275 
0.247 
0.262 
0.212 
0.197 


0.165 
0.214 
0.146 
0.219 
0.143 
0.230 
0.079 
0.050 


0.130 
0.100 
0.122 
0.163 
0.122 
0.170 
0.106 
0.071 

0.160 
0.223 
0.185 
0.106 
0.190 
0.212 
0.176 
0.087 


Per  square  inch. 

» 

Energy. 

Pressure. 

Foot-Wt. 

LbM. 

1.80 

1,475 

2.74 

1,058 

1.34 

1,211 

2.87 

2,020 

1.09 

1,057 

2.04 

1,605 

0.004 

25 

0.026 

80 

2.27 

1,725 

63.10 

15,837 

73.12 

17,478 

56.80 

14,766 

60.43 

15,300 

48.04 

13,208 

47.78 

13,150 

2.31 

1,748 

0.82 

876 

167.1 

80,314 

'  143.9 

27,440 

127.1 

25,260 

136.9 

26^550 

114.2 

23.631 

126.8 

25,156 

4.17 

2,590 

2.96 

2,  on 

60.43 

15.390 

56.04 

14,790 

50.42 

1.3,678 

5&87 

16,146 

40.08 

13,397 

63.73 

15,047 

0.81 

866 

0.56 

682 

47.06 

13,026 

50.84 

13, 715 

30.00 

11,491 

37.41 

11, 175 

39.00 

11,491 

39.86 

11,660 

1.19 

1,122 

0.71 

795 

57.00 

14,987 

60.73 

15,443 

45.20 

12,677 

40.63 

13,497 

74.30 

17, 666  N 

5&18 

14,650 

2.52 

1,850 

0.03 

954 

Remarks. 


350 


APPENDIX    A. 
Details  o/  exj^ffrmenU  with  the  Rings — Contiuued. 


DuUiliaroipcrlDii 


KIdiI.    I  Mamber. 


BxplnlTO,  Dllro-^lyiwriiio j  Tinf,  3  fool;  rhnrEC 
SpouDilii;  iiubniersBni'«,SSr<-i-t;  dvptli of  wb1i-i 
93  li-ei;  esse,  kIu8  bottle,  upcu;  IpilUoii 
SiDitli'a  bstlory,  2  Mowbray  Tatrn.  EtteclK 
Buapi^Dslou  itrap  of  linK  broke  onj  lan«rJii| 
ropo ;  the  )ciunl  ro|io  uvud  tbe  Hui!- 


EiploslT.',  .iyoiunite  No.  1 ,  Hnjr.  3  foot;  Qbtx^e. 

102  tv^^ti  rB«e,  g\im  butdu,  huihI  tJHupeil;  ifiiE 
lioD,  Sitiilli'B batU'O',  I  UuHgC'SluLtli  Rlyivriiii 
fuie.    Effi-ciA :  Nonnat. 


SiplMli'o.  dyniunilo  No.  1^  rin)^  3  fuui;  chnrj^. 
SpollDili;  BUbinurgi-nce, 32 feet i  <lv]itta of  wnh'i. 
102  fwt;  ruw,  kIbm  bolllr.  uikI  liuiipnl;  IkdI. 
tlau,  Sniltira  bstterj' ;  1  Ihivsv-ttmlth  t^ycorini! 


Explosive,  dymUDiln  Ho.  t ;  tiiiK,  3  root:  cliaTi:i> 
3pDUDib!  ■<ibm(TReni'i',I2rn't;  doplb uf  waIit 
102  rout:  CIMW,  eliwa  bottle,  cloM'ly  pnelK^il 
igDlUoB,  HialUin  butUry.  1  I>owi«  .Sdilllj  ^lyei-r 


Eiploeive,  giin-i»t(oD ;  line,  3  'out;  charge.  : 
pound :  submi^rRPiiw.  S2  Tent ;  drjitb  uf  water 
102 foot;  COM,  wooden, 6-iDclicDbeor2.inch|iinu 
iKuitioD,  Spiilh'i  lutUry.  1  Ab>-1  tnu,.  KffoclB 
HuBp«iiHLon  at  rap  abowod  iiicreaMd  i:rnck 
dkOKeroua  t*  aee  kinier. 


fi'st;  ilepth  ol 
Smliha baltory. » Dowse-SmiUi  Klycuriii 


Lead  cylinder.      I    Per  aquan  bicb. 
iametcr.;  Shorten.  |  En„jjj._    p™™^] 


I   Inehei.      Foot-Hit,  '      Lbt. 


I    21,291 
18,  M4 


SS.H 

53.83 
1B.71 
29.03 
0.032 


33.384 
25,  M« 

30,  TM 
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Details  of  experiments  with  the  Rings — ^Continued. 


DetailB  of  experiment 


Explosive,  gnn-ootton ;  rin^;,  3  foot;  charge,  4 
pounds ;  submergpnce,  33  foot ;  ilepth  of  wator, 
108  foot;  case,  wootlt'n,  G-iiich  cubo  of  2>inch 
p{no;  ignition,  Smitli'a  liattery.  1  Abol  fuzo. 
Effm^ta:  Normal. 


84 


85 


86 


87 


88 


89 


Gauge. 


Explosive,  mortar  powder ;  ring,  3  foot ;  charge, 
100  pounds;  sobmergence,  63^  feet;  dopth  of 
water,  108  foot;  case,  woo<leii,  of  2-inch  pino, 
braced;  ignition,  Smith'M  batU^ry,  3  Dowse- 
Smith  glycerine  fuses.  Effects :  Sevens  jar  on 
steamboat  Henry  Smith,  distant  100  yards. 


Explosive,  mortar  powder ;  ring,  3  foot ;  charge, 
100  pounds;  submergence,  6  feet;  depth  of 
water,  108  fec^t;  c^um^,  woo<1eu,  1-inch  pine;  igni- 
tion, Smith's  battery,  0  Dowse-Smith  glycerine 
fuz4<e.  Effects:  King  supported  by  3  barrels 
and  connected  to  buoy  by  gtiard  rope ;  fVagmeuts 
of  barrels  fell  a  hundred  yards  distant. 

Experiment  in  air,  yielding  no  definite  result 

Explosive,  mortar  powder ;  ring,  3  foot ;  charge, 
100  pounds;  submergence,  33  feet;  depth  of 
water,  100  feet ;  case,  woodon,  of  2-inch  pine ; 
ignition.  Smith's  battery,  0  ]3ow8e-Snnth  glycer- 
ine fuses.  Effects :  Torpedo-gauge  lost  by  part- 
ing of  raw-hide  rope  and  two  pieces  of  telegraph 
wire. 


Explosive,  gun-cotton;  ring,  3  foot;  charge,  2 
pounds ;  submergence,  33  ft«i<t ;  depth  of  water, 
100  feet;  case,  wooden,  6-inch  cul>e  of  2-inch 
pine;  ignition,  Smith's  battery,  I  AIm^I  fuze. 
Effects :  Normal.  Sadden  storm ;  fired  from 
ponton  raft,  letting  ring  drift  off  to  a  safe  dis- 
tance. 


Explosive,  mortar  powder;  ring,  3  foot;  charge, 
100  pounds;    submergence,  S.*!  foot;    depth  of  I 

.  water,  110  feet;  case,  wooden,  6-inch  cube  of  ' 
2-inch  pine ;  ignition.  Smith's  l»att4*ry,  9  Dowhc-  , 
Smith  glycerine  fuses,    directs :  Nonnal. 


Kind. 


Number. 


Lead  cylinder. 


No. 


3 

3 


3 
3 
2 


3 
3 
2 


3 
3 


3 
3 
2 


1 
2 
3 
4 

5 
6 

7 
8 

1 
2 
3 
4 
5 
6 
7 
8 
Torpodo. 

1 
2 
3 
4 
5 
6 
TorptMlo. 


1 
2 
3 
4 


5 


6 

7 

8 

Torpedo. 

1 
2 
3 
4 

5 
6 

7 
8 

1 
2 
3 
4 
5 
6 
7 
8 
Torpodo. 


Diameter. 

Inehet. 
0.4 

0.3 

0.4 

0.3 

0.4 

0.3 

0.3 

0.3 

0.4 
0.3 
0.4 
0.3 
0.4 
0.3 
0.3 
0.3 
0.75 

0.4 
0.3 
0.4 
0.3 
0.4 
0.3 
0.75 


0.4 
0.5 
0.5 
0.4 
0.4 
0.6 
0.3 
0.3 
0.75 

0.4 
0.5 
0.5 
0.4 
0.4 
0.5 
0.3 
0.3 

0.4 
0.5 
0.5 
0.4 
0.4 
0.5 
0.3 
0.8 
0.75 


Shorten- 
ing. 

Inehet. 
0.209 

0.284 

0.225 

0.247 

0.236 

0.276 

0.105 

0.078 

0.129 
0.234 
0.202 
0.201 


Per  square  inch. 


Energy. 


FootlbM. 
86.37 

90.36 

97.75 

72.13 

105.80 

87.04 

1.19 

0.79 

15.57 
19.81 
30.24 
28.63 


0.357 
0.122 
0.239 
0.429 


0.219 
0.072 
0.122 
0.150 
0.157 
0.037 
0.151 
0.287 


0.130 
0.169 
0.091 
0.115 
0.089 
0.183 
0.017 
0.042 

0.156 
0.084 
0.063 
0.158 
0.104 
0.080 
0.131 
0.328 
0.060 


43.37 
14.42 
20.55 
50.90 


34.55 

14.91 

30.82 

19.46 

20.81 

6.54 

0.077 

0.214 


42.56 
81.19 
33.22 
35.82 
25.19 
91.61 
0.10 
0.36 

20.61 

18.29 

12.57 

21.01 

11.50 

17.14 

0.062 

0.274 

3.06 


Pressure. 


0.144 

ia35 

0.173 

12.34 

0.046 

0.016 

0.057 

0.020 

0.362 

37.47 

0.193 

28.11 

0.292 

28.79 

0.183 

28.01 

Lbg. 
19,525 

20.269 

21, 210 

17. 319 

22,360 

19,629 

1,122 


6.231 

7.316 

9,700 

9. 353 

6.951 

5,336 

61 

75 

11.193 

9,237 
9.388 
8,779 

12, 337 
5.918 
7,498 

13, 725 


10,600 
6,053 
9.823 
7,230 
7,660 
3,492 
180 
358 


12,183 

18, 737 

10,328 

10,857 

8,588 

20,306 

217 

502 

7,512 
6^936 
5,402 
7,609 
6,090 
6.643 
157 
421 
2,104 


Remarks. 


Lost  gauge. 


APPENDIX  A. 

Detailt  of  experimentt  with  the  £ttijF>— CoDtiuued. 


Biploalve,  gun-c 
luaodt;  BDbnt 
lid  rwli  ru«. 
pine,  uiul  uun 
1  Abel  fuse,    f 


EiploslTp,  nltro-Kl.vcerlne;  rini,  4  toot;  chirBo. 
11  poumli;  HubiDdTKiinco,  35  fwt;  doplh  of  { 
wub:r,  92  fo-l ;  caiv.  glaiia  boltle.  open :  iKultlnn 
Smith's  bmttcrj,  I  Itrowno  funo.  Kffortu :  Koc 
mal,  Fmm  Mnwliniy;  ilellveriMl  rmten  uh 
thAVMt  lor  una 


a.S     ;     0.33S 


Per  »qii«n  Inch. 
EnerKy.  'PraMurc. 


iBa.2c  I  31, MO 


Eiplmim,  nltTn-glyoprine ;  rine.  t  nnl:  Rlinri;i\! 

iIDda  i  «iilnnur);iui«>,  Ki  ft-pt ;  ihi.th  of  w 

fuat;    PAMt.    uUuw   Iwttli-,    ni>m^    <|fnl 


I    10,  Ml 

'      9.!m 

ti,974 


t  nliro-iiijoerlnd ;  rinj^,  4  foot  ^  chftrjfp, 
;  ftnbmmfi'iK'o.  SA  fi>itt;  (Ifplh  of  wntoi 
;  nun,  ghtra  biilllp.  ogHJi;  li.'nitinr 
Imltli'ii  baltpry,  I  llrnwnv  riiiw.  SttlvU:  U| 
i-i>n11>a{|5n>i>Ihift1iln4M»'i>n<li4>ru'rcip1aidor 


m  fc 


B(plMi».allT»^Klfn>rino;  rLnE.iront:  <;hu 
ponnila;  Hhrnerfrriioo,  35  r«ot:  depth  of  v 
9S  ftieti  OM,  tin  can,  npen^  Ij^Ltlon.  Sni 
b«llei7,  1  Browiifl  fuie.  KttecU-.  I^wc 
rops  parieil. 
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Details  of  experiments  with  the  Rings — ^Continued. 


s 

a 


z 


§ 


96 


07 


08 


09 


100 


101 


Details  of  experiment. 


ExploeiTe,  dynamite  No.  1 ;  rinir,  4  foot :  chargo. 
1  pound;  submergence,  35  feet;  depth  of  water, 
110  feet;  case,  glass  bottle,  sand  tampeil;  {gni> 
tion,  Smith's  batter^',  1  Browne  fuse.  Bffects: 
Normal. 


Explosive,  dynamite  No.  1 ;  ring,  4  foot ;  charge, 
2  pounds ;  submergence,  35  fe<>t ;  depth  of  water, 
110  feet;  ease,  g^ass  bottle,  sand  tamped;  igni- 
tion, Smith's  battery,  1  Browne  fuse.  Elfoets : 
Normal. 


Explosive,  dynamite  No.  1 ;  ring,  4  foot ;  charge, 
3  pounds ;  submergence,  35  feet ;  depth  of  water, 
1 10  feet ;  case,  glass  bottle,  cloa««ly  packed ;  igni- 
tion, Smith's  machine,  1  Browne  fuxe.  EflTiH^ts : 
Normal. 


Explosive,  dynamite  No.  1 ;  ring,  4  foot ;  charge, 
4  pounds ;  submergence,  35  feet ;  depth  of  water, 
110  feet;  case,  tin  can,  sand  tnmped;  ignition. 
Smith's  battery,  1  Bruwne  fuze.  Etl'ects:  Nor- 
maL 


Explosive,  gun-cotton ;  ring,  4  foot ;  charge,  3 
pounds;  submergence,  35  feet;  depth  of  water, 
110  feet;  case,  wooden,  6-inch  culie  of  2-inch 
pine;  sand  tamping;  ignition,  Smith's  battery, 
1  Abel  fuse.  Effects :  Hemispherical  dome  3  or 
4  feet  high. 


Explosive,  gun-cotton;  ring,  4  foot;  charge,  4 
poonds;  submergence,  35  feet;  depth  of  water, 
110  feet;  case,  wooden,  6-inch  cube  2  inches 
thick;  sand  tamping;  ignition,  Smith's  battery, 
1  Abel  fhze.    Effecta:  Normal. 


Gauge. 


Kind. 


No, 


3 
3 


3 
3 


3 
3 


3 
3 


8 
3 


3 
3 


Number. 


1 
2 
3 
4 
5 
6 
7 
8 


1 
2 
3 

4 
5 
6 
7 
8 


1 
2 
3 
4 
5 
6 
7 
8 


1 
2 
3 
4 

5 
6 

7 
8 


1 
2 
3 
4 
6 
6 
7 
8 


1 
2 
8 
4 

6 
6 
7 
8 


Lead  cylinder. 


Diameter. 


Shorten- 
ing. 


Inehet. 
0.4 

0.4 

•    0.4 

0.4 

0.4 

0.4 

0.4 

0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.3 
0.3 
0.4 
0.4 
0.3 
0.8 
0.3 


0.4 
0.5 
0.5 
0.4 
0.4 
0.5 
0.3 
0.3 


Inches. 
0.122 

0.117 

0.092 

0.085 

0.086 

0.073 

0.037 

0.025 


0.169 
0.233 
0.156 
0.166 
0.138 
0.141 
0.097 
0.061 


0.186 
0.168 
0.164 
0.185 
0.156 
0.179 
0.096 
0.039 

0.222 
0.248 
0.237 
0.227 
0.201 
0.185 
0.155 
0.074 


0.092 
0.150 
0.147 
0.105 
0.064 
0.085 
0.040 
0.061 


0.118 
0.110 
0.123 
0.132 
0.099 
0.078 
0.091 
0.080 


Per  square  inch. 


Energy. 


Foot-Uf/i. 
39.00. 

36.71 

26.32 

23.69 

24.07 

19.42 

0.30 

0.18 


62.57 


55.70 
60.96 
46.59 
4&04 
1.69 
0.91 


72.08 
62.03 
59.92 
71.52 
55.70 
68.10 
1.67 
0.61 


95.62 

115.00 

106.60 

99.21 

81.13 

71.62 

8.29 

L18 


Ptesaure. 


26.32 
32.87 
31.86 
31.62 
16.42 
14.81 
0.34 
0.59 


37.16 
43.28 
50.86 
43.62 
S9.13 
27.04 
0.99 
0.82 


Lbt. 
11.491 

11,036 

8,841 

8,244 

8,330 

7,218 

451 

310 


15,748 

14, 575 
15, 479 
12,930 
13,208 
1,422 
941 


17,309 
15,658 
15, 303 
17,220 
14, 575 
16,664 
1,408 
639 


20,808 
23,634 
22,465 
21,418 
18, 729 
17,220 
2,210 
1,116 


8,841 

10,255 

10,043 

9,992 

6,453 

6,027 

487 

701 


11, 126 

12,320 

13, 716 

12,381 

9,460 

9,002 

994 

876 


Remarks. 


Lead  moved. 


Ifo.  23 45 


364 


APPENDIX   A. 
JieUiiU  of  experimmbi  with  the  Bingg — GoDtiDiied. 


i 
1^ 

TttMiM  or  eiporimcBt. 

Qange. 

Leadoylindm. 

Par  aqnaie  Inch. 

B«nki       1 

Kind. 

Nnmber. 

I»MLet«T. 

Shorten, 
tog.. 

^. 

^^ 

So. 

Incha. 

/«»«. 

Ftol-lbt. 

Lbt. 

in 

110  r«et :  CMC.  woodeo,  B-lach  cube,  a-lnch  ptoe. 

; 

0.4 

0.IS8 
0.088 

4«,B0 
111.00 

67.81 

1XBB9 

13.157 
14.  Ml 

MDd  tampiDH ;  iKDltlon,  Smith'*  battBry,  1  AN-I 

4 

0.4 

0.120 

H.05 

11,305 

fUl«.    £»>cU:  NDTmU. 

« 

H 

0.104 
0.053 

0.084 
0.081 

ILIS 
20.45 
0.01 

9.M4 

0,528 
721 

m 

Biploalve.  dynunite  No.  1 ;  ring,  i  foot;  ehmrgP, 

, 

0.4 

0.1K 

65.16 

14.480 

I 

0.6 

0.298 

160.00 

28.820 

IID  foot;    cue,  wooden,  E-lneh  rnbe  ot  Jlncli 

0.173 

19.100 

pine,  und  tuoplDK ;  ignition,  Smitli'e  bMt«ry.  1 

-    1         1           4 

0.4 

0.180- 

57.  «0 

14.987 

Da«w-»nlth  Kl;i»rin«  rum.    Bffecti;  NoniKl. 

0.S 
0.3 

0.101 

6ElI5 
2,06 

11.480 
10,021 
1,810 
1,081 

IM 

Bxploalve,  dyuMiiitr,  No.  I  (  ring,  4  fool  -.  Fbugr, 

0.4 

0.184 

70.06 

17,127 

B  |»Diid» ;  wbDI-rtlenoe,  K  r»t ;  doptii  of  water. 

0.0 

0.231 

II,a,a»n.d, 

110  foot;  CMT,  woodoD.  e-inch  cnbe  of  Zinch 

0.090 

«4.03 

18.140 

pine;  ignition,  Smllh'i  bstterf,  1  DowH-Bmitli 

0.4 

0.183 

70.38 

17,016 

^' 

o.m 

0.103 

SS.»4 
1.18 

14,218 

1.138 
1.102 

j     lOJ 

BiphMlTD.  mottitr  powdm^  ring,  4  foot:  cluirRo. 

0.4 

0.185 

2B.43 

8.868 

1 

0.$ 

0.113 

29.35 

9,607 

wnlor,  118  feet ;  cue,  wooden.  2-lDCh  pine ;  igol- 

0.ZD3 

08.19 

tion,  Smith*  battorv-,  2  Doww-Smitl.  powder  '         1 

0  4 

0.152 

12,387 

ruuaiDdlSfHtorGonioKraH.    BH^I*:  Bnoy.            1 

0.4 

o.jsa 

48.  S7 

12,055 

ring,  gunrd  rope,  and  ill,  thrown  bl(b  In  air, 

0.S 

0.1T5 

52.52 

14,017 

■arZSfoetlntbejet. 

0.3 

0.112 

0.060 

71 
134 

Toip<Ai 

0.T5 

0.2M 

18.29 

'•" 

m 

Biploalte,  gan-ootloni   rtDR,  4  foot;    charge,  5 

0  4 

0-lBJ 

7(1.52 

1B.32S 

0.227 

2S.258 

0.S 

0.1T5 

e5.M 

10.420 

aindlKinplUKi  tgDition,  Stnltb'ii  battery.  1  Abel 

fn».    EffwU.  Donw  ■  to  7  feet  bigb. 

o.» 

0-170 
0.105 

08.10 

38.06 
1.19 

18,884 
11,494 
1,122 

8«8 

m 

BiploalYB,   gun-ootUm;  ring,  4  foot;   charge,  5 

:: 

0.142 

o.n« 

87.52 
83.83 

18.570 
28, 108 
10.131 

aandlamplng;  ignition,  Snlih'amachine,  IAb.-l 

Oi4 

ais2 

68.01 

16,130 

rum.    BffeclH;  A  boiling  yellow  cauwle  S  feet 

0.4 

0.143 

40.08 

13,897 

high. 

0.3 

0.««8 
0.080 

0.98 

976 

ft3 

O.OM 

0.98 

988 
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Details  of  experUnents  with  the  Rings — Continued. 


11 

Gauge. 

Lead-eylinder. 

Per  square  inch. 

DetaUB  of  experknenta. 

Bemarks. 

. 

•a 
S 

Kind. 

Number, 

Diameter. 

Shorten* 

Energy. 

Pressure. 

mg. 

Ho. 

Indus. 

Inekfis. 

Foot-lh9. 

Lb9. 

106 

Explosive,  mortar  powder ;  ring,  4  foot ;  charge, 

1 

0.4 

0.260 

46.05 

12,840 

200  pounds ;  aubmergenoe,  45  feet;    depth  of 

2 

0.6 

0.125 

73.74 

17,578 

. 

water.  98  feet ;  case,  wooden,  2-lnoh  pine ;  igni- 

3 

0.6 

0.044 

ia45 

6,975 

tion.  Smith's  battery,  9  I)owse*8mith  glycerine 

4 

0.4 

0.222 

35.34 

10,762 

fuses.     Effects:   Shock  felt  strongly  on  land. 

5 

0.4 

0.181 

27.58 

8,676 

over  half  a  mile  away. 

6 

0.6 

0.047 

20.03 

7,869 

3 

7 

0.3 

0.163 

0.086 

195 

3 

8 

0.3 

0.185 

0.106 

223 

• 

- 

2 

Torpedo. 

0.75 

0.177 

12.93 

5,505 

• 

109 

Explosive,  mortar  powder;  ring,  4  foot;  charge, 

1 

0.4 

0.161 

21.60 

7,751 

150  pounds;  submergence,  35  feet;  depth  of 

2 

0.5 

0.110 

2&55 

8,892 

water,  98  feet ;  case,  wooden,  2-inch  pine ;  igni- 

3 

0.5 

0.16Q 

45.97 

12,823 

tion,  Smith's  battery,  0  Dowso-Smith  glycerine 

4 

0.4 

• 

0.272 

Double  pin  mark. 

fuzes.     Effects:  Buoy  30  to  40  feet   in  air; 

5 

0.4 

0.218 

34.28 

10.545 

lost  torpedo  gauge  by  parting  of  rawhide  roi>e 

6 

0.5 

0.101 

23.55 

8^210 

» 

and  telegraph  wire. 

3 

7 

0.3 

0.141 

0.060 

167 

• 

3 

8 

0.3 

0.249 

0.168 

304 

2 

Torpedo. 

0.75 

....,- 

Lost  gauge. 

110 

Explosive,  mortar  powder;  ring,  4  foot;  charge, 

1 

0.4 

0.199 

29.50 

9,542 

150  pounds;  submergence,  35   feet;  depth  of 

2 

0.6 

a  031 

11.66 

5,188 

water,  98  feet ;  case,  wooden,  2-inch  pine ;  igni- 

3 

0.6 

0.087 

45.14 

12,623 

tion,  Smith's  battery,  2  Dowse-Smith  powder 

4 

0.4 

0.247 

42.21 

12,114 

fuzes  and  12  fiH;t  Gomes  fuze.    Effects:  Buoy 

5 

0.4 

0.140 

17.57 

6,763 

tossed  violently  in  Jet;  connections  saved  by 

0 

0.6 

0.060 

27.53 

9,112 

buffer  newly  applied. 

7 

0.3 

0.069 

0.026 

89 

• 

8 

0.3 

0.275 

0.199 

341 

Torpedo. 

0.75 

0.290 

26.32 

8,842 

111 

Explosive,  mammoth  powder ;  ring,  4  foot ;  charge, 

1 

0.4 

0.008 

0.50 

616 

100  pounds;   submergence,  35  feet;  depth  of 

2 

0.4 

0.010 

0.64 

742 

water,  98  feet ;  case,  wooden,  of  2-inch  pine ;  ig- 

3 

0.4 

0.007 

0.42 

554 

nition,  Smith's  battery,  9  Dowse-Smith  glycerine 

4 

0.4 

0.013 

0.86 

900 

fuzes.    Effects:  very  slight.    First  use  of  a  10- 

5 

0.4 

0.010 

0.64 

742 

foot  length  of  wire  rope  on  torpedo  gauges— the 

6 

0.4 

• 

0.013 

0.86 

900 

plan  hereafter  adopted  to  secure  them. 

7 

0.3 

0.009 

0.002 

17 

« 

0.3 

0.003 

0.001 

8 

Tori>edo. 

0.6 

0.000 

112 

Explosive,  cannon  powder ;  ring,  4  foot ;  charge. 

1 

0.4 

a  010 

0.64 

742 

« 

100  pounds;   submergence,  35  feet;  depth  of 

2 

0.4 

0.011 

0.71 

795 

water,  96  feet;  case,  wooden,  of  2-inch  pine; 

3 

0.4 

0.018 

1.26 

1,160 

ignition.  Smith's  battery,  9  Dowse-Smith  glycer- 

4 

0.4 

0.018 

0.86 

900 

ine  fazes.    Effects :  Jet  30  feet  high. 

5 

0.4 

0.014 

0.94 

053 

6 

0.4 

0.010 

0.64 

742 

V 

3 

7 

0.8 

0.015 

0.003 

23 

3 

8 

0.3 

0.017 

0.004 

25 

2 

Torpedo. 

0.75 

0.001 

0.016 

62 

113 

Explosive,  mammoth  powder;  ring,  4  foot;  charge, 

1 

0.3 

0.009 

0.24 

389 

100  pounds;    submergence,  85  feet;  depth  of 

2 

0.3 

0.005 

0.12 

243 

water,  98  feet;  case,  wooden,  of  2-inch  pine;  ig- 

3 

0.3 

0.002 

0.05 

132 

• 

nition,  Smith's  battery,  1  Abel   powder   fuze. 

4 

0.3 

0.005 

0.12 

243 

Effects :  Jot  10  feet  high,  darkened  by  powder ; 

5 

0.3 

0.008 

0.21 

353 

smoke  hung  over  place;    box  in  large  Aug- 

6 

0.3 

0.013 

0.39 

529 

menta. 

3 

7 

0.3 

0.004 

0.001 

10 

3 

8 

0.3 

0.004 

0.001 

10 

2 

Torpedo. 

0.75 

0.003 

0.070 

156 

356 


APPENDIX   A. 

Details  of  &tj}erimentii  teith  the  ii«nj»-MjOntinued. 


r 

DeUlla  at  experlimtit*. 

Osnpi.                  Lo<kd  cylinder. 

Persia, 

ITS  Inch. 

! 

Eenutki 

Kind.      Number.  Mmieter 

SboTlen. 
ing. 

EnoiEj. 

P.™nre 

JVo.      ■                  1  ImJI«. 

/ndt«. 

FooI-Oh. 

Lbt. 

114 

Eiplodve.  cannon  powder :  rtng.  4  foot ;  chnrgf , 

1               1       1       o.a 

0.022 

ftTd 

842 

2        1       0.3 

l.U. 

1.115 

■KMvT.Xt^t,  ctf.  wooden,  J-fnohpine;  iniif- 

038 

Uon.Smlth'ibHtlery,!  Abel  r»io.    EITwU:  Jet 

0.3 

0.02S 

D.92 

•45 

\ 

30  b>  40  fwl:  buoy  .tra.-k  ring  nex-  B»oKe  No.  I 

Torpedo. 

0.3 

0.023 
0.000 

&31 

o.oot 

907 
520 
24 
33 

Soiboitminf. 

115 

Eiplodve,    KDU'CUttAD ;  HllR,    4    fool;    vlilir|!<'.    4 
SS  reut;   i«M,   woihIvii,  eJui^h  cube,  of  2  invh 

^ 

3 

l\ 

0.1% 

U-S4 

90.4! 

14.210 
14,210 
13,078 

14.480 

Abd  run.    Effocli :  Ci«v  roduccd  to  wwduBt 

0.150 

S2.B4 

14,040 

0.4 

0.38 

SH 

L«dlippri«.f.  ■ 

0.3 

ttB45 

0.38 

S24 

IIB 

Eip1o.ivo.    duM^:    ring.    4   foot,     cb.rg,.,    S| 

1 

0.4 

(L2W 

148.10 

27,»74 

puunlg;  subuit'rei'one,  3S  rwti  ilii|ilh  uf  mtor. 

150.10 

28,977 

OS  fwl;   «»',  w<uilen,  S-lncli  cub.^  of  Zb.cfa 

o.« 

0.092 

127.  SO 

25.310 

pine,  full;  ignltkni,  SnilUi'H  batlvry,  I  Dowse- 

0.4 

0.270 

132.  SO 

20,010 

Smllh  glycerine  fuM-    EOi-otB ;  Lorally  violent. 

3 

0.3 

0.233 
0.007 
0.204 
0.134 

103.30 

BO.  01 

22.045 
1(L4W 
2.1M 
1,408 

IIT 

Biplfwlvo,do«llni  riiiB.4n»t^chi>rse,4p«un.Ui 

CH<>,  till  o»n,  foil;  iBuitioii,  Mniitli*  bulterj,  2 
Biown.1  fum.     EITeclii;  MarmBl. 

* 
7 

0  3 

D.2M 
0.£f5 

0.J31 

76.  «4 

103.  M 

80.13 
10.55 
2.8« 
1.02 

18. 028 
23.840 
22,04S 
11,210 

i>,n8 

20,180 
2,018 

1H» 

EiplOKivv,  mortitr  iHxnler;  rinn.  4  fool;  ohnrpo, 

, 

0.4 

0.382 

BtDlova. 

200  pounds;  Bul>iaerg.>nc<\  45  feut;  deptli  of 

0.050 

7^30 

witer.  100  feet;  eaw,  wooden,  of  !-in^b  pino; 

0.7S 

43.40 

12,343 

Ignition,  Siiiith'B  b»tlerj.  D  Browno  ijljcorino 

1 

0.4 

0.220 

30.40 

10.»76 

1 

:r 

0.020 
0.05S 

32.08 
2)140 

0.021 

10,218 

8,288 

65 

2 

Torpo.10. 

O.TS 

0.145 

ft  08 

4.540 

lift 

Eiploslvr.  Buneotton;    rinfi,  4  foot;   charf-e,  1 

I 

:■; 

:z 

20.48 

«.038 
7,473 

100  feat;   ctuw.  Ko.xlon.  of  Mnoh  pine,  Band 

1 

0.4 

0.050 

12.03 

5,215 

UmplDB,  iRnition, Smith's balWrj,  1  AU-lfum. 

1 

0.4 

o.o» 

14.82 

8,028 

EffeoU:  Honnll. 

\ 

0.4 
0.8 

o.oea 

0,010 

17.74 
0.11 

■.TftJ 
234 

* 

0.3 

ft0!5 

0.1B 

Sift 
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Details  of  experiments  with  the  Bit^s — Continued. 


a 
1 

o 


120 


121 


122 


123 


124 


125 


Details  of  experiment. 


Exploslvp,  gnn-cotton ;  rixiff,  4  foot ;  charp^r,  2 
poands ;  submergence,  35  feet ;  depth  of  water, 
100  feet;  case,  wooden,  of  1-inch  pine,  sand 
tamping;  ignition,  Smith's  battery,  1  Abel  fuxo. 
Effects:  Normal. 


Explonive,  gan-cotton;  ring,  4  foot;  charge,  3 
ponnds ;  subiiicrgence,  35  feet ;  depth  of  wator, 
100  f(H^t ;  case,  wonden,  6-lnch  cube  of  2-iucli 
pine,  saud  tamping;  ignition,  Smith's  battery, 
1  Abel  fuze.    Effects :  Normal. 


Explosive, dualin;  ring,  4  foot;  charge,  5  iiounds; 
submergence,  35  feet;  depth  of  wat4^r,  100  feet; 
case,  wooden,  6-inch  cube  of  2-inch  piue,  sand 
tamping;  ignition,  Smith's  battery,  1  Dowso- 
Smith  glycerine  fute.  Effects:  Dome  8  feet 
high ;  box  reduced  to  sawdust. 


Explosive, dnalin ;  ring,  4  foot;  charge,  5  pounds; 
submergence,  35  feet ;  depth  of  water,  100  feet ; 
case,  wooden,  6-inch  cube  of  2-incli  pine,  sand 
tamping;  ignition,  Smith's  battery,  1  Dowse- 
Smith  glycerine  fuse.    Effects :  Normal. 


Explosive,  dualin;  ring,  4  foot;  charge,  3pcmnd8; 
submergence,  35  fet^t ;  depth  of  water,  100  feet ; 
case,'  tin  can,  sand  tamped;  ignition.  Smith's 
battery,  2  Mowbray  fuses.    Effects :  Normal. 


Explosive,  mortar  powder ;  ring,  4  foot ;  charge, 
100  pounds;  submergence,  6  feet;  depth  of  water, 
100  feet ;  ease,  wooden,  of  l-inch  pine ;  ignition. 
Smith's  battery,  9  Dowse-Smith  glycerine  fuzes. 
Effects :  Supported  by  barrels  uid  attached  to 
buoy  by  guard  rope ;  buoy  drifted  too  near  and 
was  broken  in  two  pieces  by  explosion. 


Gauge. 

Lead  cylinder. 

Per  square  inch. 

Bomarlcs. 

Kind. 
No. 

Number. 

• 

1 

Diameter. 

0.4 

Shorten- 
ing. 

Energy. 

Pressure. 

Inehea. 
0.122 

Foot-lbt. 
39.00 

LbM. 
11,491 

2 

0.4 

0.106 

32.02 

10, 076 

■ 

3 

0.4 

0.107 

32.42 

10,160 

4 

0.4 

0.127 

41.28 

11,985 

5 

0.4 

0.087 

24.44 

8.416 

6 

0.4 

.0.087 

24.44 

8,416 

3 

7 

0.8 

0.057 

0.53 

656 

3 

8 

0.8 

0.048 

0.42 

556 

1 

0.4 

0.110 

33.62 

10,412 

1 

2 

0.4 

0.070 

18.42 

6,971 

1 

8 

0.4 

0.082 

22.65 

7, 999 

I 

4 

0.4 

0.097 

2a  28 

9,276 

A 

5 

*0.4 

0.066 

17.07 

6,624 

6 

0.4 

0.117 

36.71 

11,036 

3 

7 

0.3 

0.017 

0.10 

217 

3 

8 

0.3 

0.Q44 

0.37 

517 

1 

0.4 

0.103 

76.05 

17,938 

2 

0.75 

0.042 

4&32 

12.882 

3 

0.75 

0.051 

50.63 

15,209 

4 

0.4 

0.188 

73.19 

17.487 

5 

0.4 

0.157 

56.25 

14,671 

0 

0.75 

0.078 

103.98 

22.093 

ly 

7 

0.3 

0.157 

2.13 

1,656 

3 

8 

0.3 

0.081 

0.84 

887 

• 

1 

0.4 

0.178 

67.52 

16, 570 

2 

0.76 

0.053 

62.59 

15^737 

1 

3 

0.75 

0.059 

72.33 

17,347 

4 

0.4 

0.190 

79.81 

18.524 

5 

0.4 

0.160 

57.90 

14.957 

6 

0.75 

0.071 

92.52 

20,441 

3 

7 

0.8 

0.183 

2.68 

1,928 

3 

8 

0.8 

0.077 

0.78 

845 

1 

0.4 

0.217 

92.01 

20,366 

2 

0.4 

0.189 

73.74 

17,576 

3 

0.4 

0.171 

63.64 

15,928 

4 

0.4 

0.176 

6&37 

16,888 

5 

0.4 

0.166 

60.96 

15, 479 

6 

0.4 

0.157 

56.25 

14,671 

3 

7 

0.8 

0.035 

*   0.27 

427 

3 

8 

0.8 

0.092 

LOO 

1,002 

1 

0.4 

0.094 

10.01 

4,641 

2 

0.4 

0.109 

12.27 

5,315 

3 

0.4 

0.078 

7.84 

3.948 

4 

0.4 

0.145 

18.64 

7,000 

5 

0.4 

0.095 

10.15 

4,684 

6 

0.4 

0.073 

7.18 

3,717 

Torpedo. 

0.6 

0.027 

9.79 

4,565 
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JJetaiU  of  experiments  with  the  JBtn^t— Gontiuued. 


• 

a 

• 

Details  of  experiment. 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

Bemsrka 

SJ 

^^m    ^^ 

• 

Kind. 

Number. 

• 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

No. 

Ifunket. 

Inehet. 

Foot-lb$. 

lA^t, 

I 

126 

Explosive,  mortar  powder;  ring,  4  foot;  charge, 

1 

0.4 

0.342 

74.54 

17.700 

200  pounds;   submergence,  45  feet;    depth  of 

2 

0.75 

0.081 

109.00 

22,797 

water,  105  feet ;  case,  wooden,  2-inch  pine;  igni- 

3 

0.75 

0.038 

40.60 

11,787 

tion,  Smith's  battery,  2  Dowso-Smith  powder 

4 

0.4 

0.257 

45.13 

12.669 

fuses  and  12  feet  of  Gomez  fuse.    Effects :  Nor- 

5 

0.4 

0.215 

33.47 

10,380 

mal. 

6 

0.76 

0.040 

43.40 

12,343 

- 

• 

• 

3 

7 

0.3 

0.244 

0.163 

298 

1 
3 

8 

0.3 

0.190 

0.109 

228 

2 

Torpedo. 

0.76 

0.266 

23.13 

8.113 

1 

127 

Explosive,  mortar  powder ;  i-ing,  4  foot ;  charge, 

1 

1 

0.4 

0.151 

19.65 

7,276 

150  pounds;    submergence,  35  feet;   depth  of 

2 

0.75 

0.028 

27.20 

9.010 

wat«r,  105  feet ;  case,  woo<lcn,  of  2-inch  pine ; 

3 

0.75 

0.009 

Defective. 

ignition,  Smith's  battery,  21)owse-Siiiltb  powder 

4 

0.4 

0.182 

27.79 

8^724 

fuses  and  13  feet  Gomes  fuse.    Effects:  Normal. 

5 
6 

0.4 
0.76 

0.162 
0.012 

21.79 

7,796 

OefectiTe. 

3 

7 

0.3 

0.060 

0.021 

78 

1 

3 

8 

0.3 

0.197 

0.115 

236 

2 

Torpedo. 

0.75 

0.228 

1&61 

6,992 

128 

Explosive,  mortar  powder ;  ring,  4  foot;  charge. 

1 

1 

0.4 

0.144 

1&35 

6.951 

1 

150  pounds;  submergence,  35  feet;  depth  of 

1 

2 

0.75 

0.039 

42.00 

12,066 

water,  105  feet;  case,  wooden,  of  2-inch  pine; 

1 

3 

0.75 

0.015 

12.00 

5.239 

1      ignitloD,  Sniith'ii  battcrj',  9  Dowiio-Sniitfa  glycer- 

1 

4 

0.4 

0.183 

28.01 

8,772 

ine  fnsea.    Kffeota :  Normal. 

1 

5 

0.4 

0.178 

24.95 

8,532 

1 

6 

0.75 

0.019 

1&80 

6.416 

1 

3 

7 

0.3 

0.194 

0.112 

238 

3 

8 

0.3 

0.264 

a  186 

825 

1 

S 

Torpedo. 

0.75 

C.172 

12.48 

5^362 

129 

Explosive,  mortar  powder ;  ring,  4  foot ;  chargt% 

1 

1 

0.4 

0.061 

&71 

3,193 

100  pounds;   submergence,  35  f<iet;  depth  of 

1 

2 

0.75 

0.006 

4.00 

2,405 

water,  105  feet ;  case,  wooden,  of  2-inoh  pine ; 

1 

8 

0.75 

0.004 

2.56 

1,870 

1 

ignition.  Smith's  battery,  1  Abel  powder  fuse. 

1 

4 

0.4 

0.066 

6.32 

3,416 

Effects:  Jet  discolored. 

1 

5 

0.4 

0.091 

9.59 

4,510 

1 

8 

0.76 

0.006 

4.00 

2.495 

3 

7 

0.3 

0.045 

0.015 

60 

3 

8 

0.8 

0.104 

0.045 

127 

2 

Torpedo. 

0.75 

0.061 

3.12 

2,133 

130 

Explosive,  gun-cotton;  ring,  4  foot;   charge,  4 

1 

0.4 

0.160 

57.90 

14,957 

pounds ;  submergence,  35  feet ;  depth  of  water, 

•        2 

0.75 

0.063 

79.25 

18,433 

92  feet;  case,  wooden,  0-inoh  cube  of  2-fnoh  pine, 

3 

0.75 

a054 

64.12 

16.001 

sand  tamping ;  ignition.  Smith's  batter}^  1  Abel 

4 

0.4 

0.134 

44.67 

12,578 

fuse.    Effects:  Fired  in  gale;  boat  quite  wet 

5 

0.4 

0.133 

44.14 

12,479 

but  battery  worked  well. 

6 

0.76 

0.053 

62.59 

.16,787 

7 

0.3 

0.110 

1.27 

1.172 

V 

8 

0.8 

0.048 

0.42 

566 

181 

Explosive,  mortar  powder ;  ring,  4  foot ;  charge, 

1 

0.4 

0.072 

7.05 

3.676 

100  pounds;  submeigenoe,  35  feet;  depth  of 

.      2 

0.75 

0.011 

8.30 

4,084 

water,  92  feet;  caae,  wooden,  of  2-inch  pine; 

3 

• 

0.75 

0.013 

ia20 

4,662 

ignition,  Smith's  battery,  9  Dowse-Smith  gly- 

♦ 

0.4 

a  074 

7.30 

3.760 

cerine  fuzes.    Effects :  (Hie  of  wind ;  boat  wet 

5 

0.4 

0.044 

3.76 

2.416 

and  battery  in  .water  on  bottom  when  fired ;  no 

6 

0.75 

0.003 

L92 

1,544 

faflure  but  perhaps  some  fuses  did  not  ignite. 

3 

7 

0.3 

0.024 

aoo7 

35 

3 

8 

0.3 

0.070 

0.027 

90 

2 

Torpedo. 

0.75 

0.084 

4.61 

2,766 

__- 
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Details  of  experimenU  with  the  Rings — Continned. 


a 
'^  i 


132 


139 


13i 


135 


136 


137 


Details  of  ezp<viment8. 


Erplosive,  diuJin ;  ring,  4  foot;  charge,  1  pound ; 
submergenoe,  35  feet;  depth  of  water,  102 
feet ;  caae,  glass  bottle,  sand  tamped;  ignition, 
Smith's  battety,  2  Dowse-Smith  glycerine  faies. 
Effects:  Nonnal. 


Exploaiye*  dualin ;  ring.  4  foot ;  charge,  2  ponnils ; 
submeiicence,  35  feet ;  depth  of  water,  102  feet ; 
case,  glass  bottle ;  Ignition,  Smith's  battery,  2 
Dowse-Smith  glycerine  faies.  Effects:  Normal. 


ExplodTO,  gnn-cotton ;  ring,  4  foot ;  charge,  1 
pound ;  submergence,  85  feet ;  d  pth  of  water, 
102  feet;  case,  wooden,  6-inch  cube  of  2-inch 
pine,  sand  tamping ;  ignition,  Smith's  battery,  1 
Abel  fuio.  Effects:  Strong  smell;  large  Aug- 
ments of  case. 


Explosive,  mortar  powder;  ring,  4  foot;  charge,  50 
pounds ;  submergence,  35  feet ;  depth  of  water, 
103  feet ;  case,  wooilon,  of  2-incli  pine ;  ignition, 
Smith's  battery,  1  Abel  powder  fnso.  Kfft^cts : 
Bather  large  fragniouts  of  case. 


Explosive,  mortar  powder;  ring,  4  foot;  charge,  50 
pounds ;  submergence,  35  feet ;  depth  of  water, 
102  feet ;  case,  wooden,  of  2-inch  pine ;  ignition, 
Smith's  battery,  1  Abel  powder  fuze.  Effects : 
Failure;  water  boiled  op  around  buoy  and  great 
fragmenta  of  box  floated;  evidently  case  leaked. 


Explosive,  gnn-cotton;  ring,  4  foot;  charge,  2 
pounds;  submergence^  35  feet;  depth  of  water, 
102  feet;  r«8e,  wooden,  6-inch  cube  of  2-incli 
pine,  sand  tamping ;  ignition.  Smith's  battery,  1 
Abel  ftixe.    Effects :  Normal. 


Gauge. 

Lead  cylinder. 

Per  square  inch. 

Remarka. 

Kind. 

Number. 

4 

Diameter. 

Shorten- 
ing. 

Ineke9. 

Energy. 

Pressure. 

^0. 

Inehei. 

Fooi^Sbt. 

Lb§. 

1 

0.4 

0.138 

46.60 

12,030 

2 

0.4 

0.147 

50.78 

13,768 

8 

0.4 

0.106 

82.02 

10,076 

4 

0.4 

0.007 

2&28 

8,276 

1 

5 

0.4 

0.046 

10.45 

4.776 

6 

0.4 

0.084 

23.84 

8,162 

3 

7 

0.3 

0.046 

0.80 

636 

3 

8 

• 

0.8 

0.055 

0.60 

680 

1 

1 

0.4   • 

0.167 

61.50 

15,560 

1 

2 

0.4 

0.186 

72.08 

17,300 

1 

3 

0.4 

0.140 

47.52 

13, 113 

• 

1 

4 

0.4 

0.171 

63.64 

15,028 

1 

5 

0.4 

0.128 

41.70 

12,018 

1 

6 

0.4 

a  141 

48.04 

18.208 

3 

7 

0.8 

0.102 

1.14 

1,001 

8 

8 

0.3 

a076 

0.76 

835 

1 

1 

0.4 

0.033 

7.15 

3,710 

1 

2 

0.4 

0.034 

7.41 

3,803 

1 

8 

0.4 

0.036 

&36 

3,431 

1 

4 

0.4 

0.031 

6.62 

3,524 

1 

5 

0.4 

0.011 

1.03 

1.548 

1 

6 

0.4 

0.025 

5.08 

2,054 

3 

7 

0.3 

0.018 

0.08 

182 

3 

8 

0.3 

0.016 

0.10 

200 

1 

0.4 

0.077 

20.63 

7.564 

1 

2 

0.4 

0.075 

20.06 

7,382 

• 

\ 

3 

0.4 

0.056 

13.83 

6,757 

1 

4 

0.4 

a062 

15w78 

6.286 

6 

0.4 

0.064 

16.42 

6,463 

^ 

6 

0.4 

0.073 

10.42 

7,218 

3 

7 

0.3 

0.026 

0.18 

828 

3 

8 

0.3 

0.042 

0.36 

502 

1 

1* 

0.4 

0.034 

2.74 

1,061 

3 

2 

0.75 

0.184 

2.66 

1.868 

3                 ^ 

0.75 

0.171 

2.31 

1,745 

'      1 

4 

0.4 

0.043 

3.66 

2,373 

1 

5 

0.4 

0.030 

2.36 

1,771 

3 

6 

0.75 

0.180 

2.47 

1,828 

3 

7 

0.3 

0.037 

0.012 

51 

3 

8 

0.8 

0.051 

0.017 

67 

2 

Torpoda 

0.75 

0.103 

6.00 

3,336 

1 

1 

0.4 

0.004 

4 

Case  leaked. 

3 

2 

0.75 

0.004 

3 

8 

0.75 

0.002 

1 

4 

0.4 

0.002 

1 

6 

0.4 

0.004 

3 

6 

0.76 

0.001 

• 

3 

7 

0.3 

0.002 

3 

8 

0.3 

0.001 

2 

Torpedo. 

0.76 

0.000 
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Details  of  experiments  toith  the  Rings — Continued. 


Q*age. 


Lead  cylinder. 


188 


Bxplosiye,  mortar  powder;  ring,  4  foot;  charge,  | 
SO  pounds;   Btibmcrfifi^nce,    35  feet;   depth   of 
water,  102  feet;  caHe,  wooden,  2-inch  pine;  ig- 
nition. Smith's  battery,  1  Abel   powder  fuxe. 

Effecte:  Normal. 

I 


139 


Explosive,  mortar  powder;  ring,  4  foot;  charge, 
50  pounds;  submergence,  ^  feet;  depth  of 
water,  102  feet;  case,  wiMiden,  2-inch  pine;  ig- 
nition. Smith's  battery,  1  AIm^I  ])owder  fnte. 
Effects:  Korroal. 


140 


Explosive,  mortar  powder ;  ring,  4  foot ;  charge, 
50  pounds;    submergence,  35  feet;    depth   of 
water,  102  feet;  cas<%  womlon,  of  2-inch  pine; 
ignition,  Smith's  battery,  1  Abel  powder  fuxe.  j 
Effects:  Normal. 


141 


Explosive,  O.  P.  Co.  compound;  ring,  4  foot; 
charge,  18  pounds;  submergence,  35  f(H>t;  deptli 
of  water,  102  fe<*t;  case,  wooden,  12-iucIi  euU*  of 
1-inch  pine,  air  space ;  ignition,  Sniitli's  battery, 
2  Dowse-Smith  glycerine  fuses.  Effects :  Nor- 
mal. 


142 


143 


Explosive,  O.  P.  Co.  compound;  ring,  4  foot; 
charge,  18  pounds ;  submergence,  35  feet ;  depth 
of  water,  102  feet;  case,  wpoden,  12-inch  cube  of 
2-inch  pine,  sand  tamping ;  ignition,  Smith's 
battery,  2  Dowse-Smith  glycerine  fuzes. 
Effects:  Schooner  passing  at  100  yards  was  so 
shaken  that  man  ran  from  wheel  badlj'  fright- 
ened. 

Explosive,  dynamite  No.  1 ;  ring,  5  foot ;  cliarge, 
1  pound ;  submergence,  35  feet ;  depth  of  water, 
85  fee't;  case,  glass  bottle,  paclccd;  ignition, 
Smith's  battery,  1  Dowse-Smith  glycerine  fuze. 
Effects:  NormaL 


Kind. 

No. 
1 

3 

3 

1 

1 

3 

3 

3 

2 


1 
2 
2 
1 
1 
2 
3 
3 
2 

I 
2 
2 
1 
1 
2 
3 
3 
2 

1 
2 
2 
1 
1 
2 
3 
3 


1 
2 
2 
1 
1 
2 
3 
3 

3 
1 
1 
3 
3 
1 
3 
3 


Number.  Diameter. 


1 
2 
3 
4 
5 
6 
7 
8 
Torpedo. 

1 
2 
3 
4 


5 


« 
7 
8 
Torpedo. 

1 
2 
:{ 
4 
5 
6 
7 
8 
Torpeda 

1 
2 
3 
4 

5 
6 
7 
8 


1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 

4 
5 
« 
7 
8 


Inehe*. 
0.4 
0.76 
0.75 
0.4 
0.4 
0.75 
0.3 
0.3 
0.75 


0.4 
0.75 
0.75 
0.4 

a4 

0.75 
0.3 
0.3 
0.75 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 
0.75 


0.4 

0.75 

0.75 

0.4 

0.4 

0.75 

0.3 

0.3 


0.4 

0.75 

0.75 

0.4 

0.4 

0.75 

0.3 

0.3 

0.75 

0.4 

0.4 

0.75 

0.75 

0.i 

0.3 

0.3 


Shorten- 
ing. 


Per  square  inch. 


Inditt. 
0.008 

0.104 

0.116 

0.020 

0.020 

a202 

a  Oil 

0.054 
0.021 


0  009 
0.006 
0.014 
0.018 
0.030 
0.006 

aoo3 

0.094 
0.040 


0.012 
0.300 
0.334 
a026 
0.082 
0.282 
0.009 
0.125 
0.036 


0.103 
0.153 
0.131 
0.128 
0.086 
0.063 
0.088 
0.071 


0.098 
0.103 
0.144 
0.104 
0.080 
0.058 
0.050 
0.063 

0.251 
0.066 
0.048 
0.104 
0.08L 
0.054 
0.024 
0.042 


EneiiOr. 


Foot4b9, 
0.50 

1,17 

1.36 

1.42 

L42 

2.91 

0.002 

0.019 

0.82 


0.57 

0.17 

0.48 

1.26 

2.86 

0.17 

0.001 

0.040 

1.83 


0.79 

2.40 

2.90 

1.98 

2.55 

2.14 

0.002 

0.058 

1.60 


30.85 
40.60 
32.33 
41.70 
24.07 
12.50 
0.95 
0.71 


28.71 
23.44 
37.06 
31.29 
21.96 
11.28 
0.44 
0.60 


17.07 
11.39 
9.21 
6.65 
13.21 
0.17 
0.36 


Preesnre. 


Lb§. 
616 

1,110 

1,222 

1,262 

1,262 

2,040 

17 

71 

873 


679 

292 

607 

1,160 

1,771 

292 

7 

'     116 

1,497 

848 
1,789 
2,030 
1,577 
1, 806 
1,661 
17 

130 
1,363 

9,816 

11,805 

10,144 

12,018 

8.330 

5,381 

964 

795 


9,368 

8,183 

11,107 

9,904 

7,836 

5,023 

578 

714 


6,624 
5.039 
4,390 
3,532 
5, 576 
304 
502 


Bemarks. 


Defect4ve. 
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Details  of  eajpetiments  toith  the  Rings — Continned. 


• 

Detaila  of  experiment. 

Gauge. 

Lead  cylinder. 

Per  aquare  inch. 

Bemarks. 

m 

^s  ^^ 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

ifo. 

InehM. 

Inehet. 

l*ooMftff. 

Lbt, 

144 

Explosive,  daalin ;  ring,  5  foot ;  charge,  1  ponnd ; 

8 

1 

0.75 

0.142 

13.96 

5,792 

aabmergence,  85  feet;  depth  of  water,  85  feet ; 

1 

2 

0.4 

0.075 

20.08 

7,882 

oaee,  glavs  boUle,  aand  tamped ;  ignition.  Smith's 

1 

8 

0.4 

0.072 

•    19.06 

7,185 

battery,  2  Dowae-Smith  glycerine  ftiaea.  Effecta : 

3 

4 

0.76 

0.101 

8.84 

4,273 

NormaL 

8 

5 

0.75 

0.111 

10.06 

4.656 

1 

8 

0.4 

0.062 

12.62 

5,395 

3 

7 

0.8 

0.087 

0.30 

451 

8 

8 

0.3 

0.056 

0.52 

648 

145 

Sxploaire, dnalin ;  ring, 5 foot;  charge, 2  ponnda ; 

8 

1 

0.75 

Spring  broken. 

Bubmergenoe,  85  feet ;  depth  of  water,  85  feet ; 

2 

0.4 

0.114 

35.88 

10,768 

caae,  glaaa  bottle,  ftill ;  ignition,  Smith's  bat- 

8 

0.4 

0.108 

82.82 

10,244 

tery,  2  Dowse-Smith  glycerine  faaea.    Effecta : 

4 

0.75 

0.197 

22.08 

7,864 

NormaL 

5 

0.75 

0.189 

20.83 

7.466 

6 

0.4 

0.098 

26.32 

8,841 

7 

0.3 

0.154 

2.07 

1,622 

8 

0.8 

0.045 

0.88 

524 

14« 

Bxploaire,  dynamite  No.  1 ;  ring,  5  foot ;  charge,  2 

1 

0.76 

0.281 

Badgaagepin. 

ponnda ;  anbmergence,  35  feet ;  depth  of  water. 

1 

2 

0.4 

ai28 

4L70 

12,018 

85  feet;  caae,  glaaa  bottle,  sand  tamped;  ignl> 

& 

3 

•      0.4 

0.008 

28.71 

9.368 

tion,  Smith'a  battery,  1  Dowae-Smitb  glycerine 

4 

0.75 

0.198 

22.25 

7,907 

fose.    Effecta :  Snapenaion  atrap  broke  and  let 

6 

0.75 

0.158 

16.24 

6,408 

ring  fall. 

1 

8 

0.4 

0.087 

24.44 

8,416 

^ 

7 

0.8 

0.038 

0.81 

468 

8 

0.8 

0.081 

0.84 

887 

147 

Bxploaive, dynamite  No.  1 ;  ring,  5  foot;  charged 

1 

0.75 

0.488 

Defectiye. 

ponnda;  submergence,  35  feet;  depth  of  water. 

2 

0.4 

0.218 

Do. 

100  feet;   caae,    glaaa  bottle,  Aill;    ignition. 

8 

0.4 

0.142 

48.56 

18,803 

Smith's  battery,  1  Dowse-Smith  glycerine  fuse. 

4 

0.75 

0.270 

84.62 

10,617 

Effects:  NormaL 

5 

0.75 

0.225 

26.67 

8.920 

6 

0.4 

0.007 

28.28 

0.276 

7 

0.8 

0.040 

a84 

487 

» 

0.8 

0.118 

1.89 

1,248 

148 

Explodve,  gnn-cotton;  ring,  5  foot;  charge,  1 

1 

0.75 

0.080 

4.58 

2,786 

pound;  submergence,  85 feet;  depth  of  water, 

2 

0.4 

0.088 

7.96 

8,988 

100  feet{  caae,  wooden,  of  1-inch  pine,  sand 

8 

0.4 

0.040 

9.10 

4,856 

tamped ;  ignition.  Smith's  battery,  1  Abel  fuse. 

•      4 

0.75 

0.065 

5.04 

2,037 

EflEocts:  Normal. 

5 

0.75 

0.066 

5.13 

2,973 

« 

0.4 

0.024 

4.84 

2.855 

7 

0.8 

0.012 

0.07 

172 

8 

0.8 

0.087 

0.30 

451 

149 

• 

Exploeiye,  gun-cotton;  ring,  5  foot;  charge,  2 

1 

0.75 

0.140 

18.71 

5,724 

pounds ;  submergence,  35  feet ;  depth  of  water. 

2 

0.4 

0.054 

13.21 

5,576 

100  feet;    case,  wooden,  of  1-inch  pine,  ssnd 

3 

0.4 

0.064 

16.42 

6,453 

tamped ;  ignition,  Smith 'a  battery,  1  Abel  fuse. 

4 

0.75 

0.141 

13.88 

5,758 

Effects:  Normal. 

5 

0.75 

0.113 

10.28 

4,725 

8 

0.4 

0.045 

10.45 

4,776 

7 

0.3 

0.042 

0.86 

502 

8 

8 

0.8 

0.063 

0.60 

714 

No.  23 46 
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DetaUa  of  experiments  with  the  Bingt — Gontiiiaed. 


0 

Oaugs. 

Lead  cylinder. 

Per  square  inch. 

li 

Details  of  experiment 

Bemsrks. 

i. 

Kind. 

Number. 

Diameter. 
InehM. 

Shorten- 
ing. 

Energy. 

1 

Pressure. 

1 

No. 

Indiea. 

Fbot4b8, 

£te. 

1 
1 

150 

Explosive,  gon-ootton;  ring,  5  foot;  charge,  3 

3 

1 

0.75 

0.378 

68.06 

14,948 

i 

pounds;  sabmergence,  35  feet;  depth  of  water, 

1 

9 

0.4 

0.086 

24.07 

8.880 

100  feet;   case,  wooden,  6-inch  cabe  of  2-inch 

1 

3 

0.4 

0.078 

2L21 

•      7.654 

pine,  sand  tampbig ;  ignition.  Smith's  battery, 

,         8 

4 

0.75 

0.144 

14.20 

5,861 

lAbelfhse.    Effects:  Normal. 

8 

6 

0.75 

0.160 

16.54 

6,488 

1 

6 

0.4 

a  061 

12.82 

5^806 

8 

7 

0.3 

a  042 

0.86 

502 

8 

8 

0.8 

a  070 

a  70 

788 

151 

ExplosiTe,  dualin ;  ring,  5  foot ;  charge,  3  pounds; 

8 

I 

0.75 

Hammered. 

submergence,  35  feet;  depth  of  water,  80  feet; 

1 

2 

a4 

0.161 

6&41 

15.044 

case,  tin  can,  sand  tamped;  ignition.  Smith's 

1 

8 

0.4 

0.127 

41.28 

11.085 

battery,    2    Dowae-Smith     glycerine     Aixea. 

3 

4 

0.75 

a  278 

a<L28 

10.954 

Effects:  Normal. 

3 

i         5 

0.76 

0.314 

43.92 

12.441 

1 

6 

0.4 

0.127 

4L28 

11,985 

1 

8 

7 

0.8 

a086 

0LO2 

943 

• 

8 

8 

0.8 

0.188 

1.48 

1,297 

152 

Explosive,  dynamite  No.  1 ;  ring,  5  foot;  charge,  4 

2 

1 

0.76 

0L178 

48.20 

13.286 

pounds ;  sabmergence,  38  feet ;  depth  of  water. 

1 

2 

0.4 

0.142 

48.66 

18.803 

79  feet;  case,  tin  can,  sand  tamped;  ignition, 

■  1 

3 

0.4 

0.186 

45.20 

12,677 

Smith's  battery,  1   Mowbray   fiixe.     Effects: 

2 

4 

0.75 

ai82 

82.68 

10.216 

1 

Normal. 

2 

5 

0.75 

0.182 

82.68 

10,216 

1 

6 

0.4 

0.184 

44.67 

12.578 

3 

7 

0.8 

0.108 

L24 

1.158 

1 

3 

8 

0.8 

0.118 

L38 

1,248 

153 

Explosive,  duaUn ;  ring,  5  foot ;  charge,  4  pounds ; 

2 

1 

0l5 

0.428 

53.08 

14,184 

sabmergence,  35  feet ;  depth  of  water,  80  feet ; 

1 

2 

0.4 

0.178 

64.72 

16,109 

caae,  tin  can,  sand  tamped;  ignition,  Smith's 

1 

8 

0.4 

0.162 

68.91 

15^130 

>      battery,  2  Dowse-Smith  glycerine  fuses.  Effects: 

2 

4 

0.5 

0.867 

4L38 

11.956 

Shank  of  gaage-soclcet  broken,  and  ring  partly 

2 

5 

0.5 

0.356 

89.85 

11.658 

split  on  inner  edge. 

1 

6 

0.4 

0.073 

19.42 

7.818 

■ 

3 

7 

0.3 

0.117 

1.38 

1.287 

3    • 

8 

0.8 

0.115 

L84 

1,217 

154 

Explosive,  gun-cotton:  ring,  5  foot;  charge,  4 

2 

1 

0.5 

0.217 

ia8i 

7,067 

pounds ;  sabmergence,  35  feet ;  depth  of  water, 

1 

2 

0.4 

0.110 

88. 68 

10,412 

^U  feet;   case,   wooden.  6-lnch  cabe  of  2-inch 

1 

3 

0.4 

0.067 

24.44 

8,416 

pine,  sand  tamping;  ignition,  Smith's  battery. 

2 

•    4 

0.6 

0.105 

16.13 

6,806 

1  Abel  iuze.    Effects:  NormaL 

2 

5 

0.5 

0.210 

17.95 

6,888 

1 

6 

0.4 

0.060 

18.08 

6.884    ' 

8 

7 

0.3 

0.096 

LOS 

1,085 

8 

8 

0.3 

a087 

0.03 

954 

155 

Explosive,  dualin ;  ring,  5  foot ;  charge,  6|  pounds ; 

2 

1 

0.75 

0.194 

56L71 

14.750 

sabmergence,  35  feet;  depth  of  water,  65  feet; 

•    1 

2 

0.4 

0.172 

64wl8 

16,018 

case,  wooden,  6-inch  cube  of  2-inch  pine,  full ; 

1 

3 

0.4 

0.188 

78.19 

17,487 

ignition,  Smith's  battery,  1  Dowse-Smith  glycer- 

2 

4 

0.75 

0.144 

87.06 

11,107 

ine  fuze.    Effects :  The  ponton  raft  was  distant 

2 

5 

0.75 

0.149 

89.04 

11.501 

about  50  feet  fW>m  buoy ;  water  in  bottom  was 

1 

6 

0.4 

0.144 

49.60 

13,492 

thrown  up  in  little  Jets  by  the  shock. 

3 

7 

0.3 

0.108 

1.24 

« 1.152    1 

8 

8 

0.8 

a269 

5.00 

2.922 
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Details  of  experiments  with  the  Rings — GoDtiuued. 


• 

1  "3  ^ 

Details  of  experiment. 

Gauge. 

Lead  cylinder. 

Per  square  Inch. 

Remarks. 

■  IJ 

Origl 

Kind. 

Number. 

Diameter. 

Shorten- 
ing- 

Energy. 
FooUOm. 

Pressure. 

• 

1 
1 

No. 

Inehet. 

Tnehet. 

Lb». 

IM 

SxplMlve,  dynamite  No.  1;  ring,  5  Ibot;  charge. 

2 

1 

0.75 

0.268 

00.02 

20,072 

lOponnda;  sabmergence,85feet;  depth  of  water, 

1 

2 

0.4 

0.176 

66.37 

16.388 

1 

65  feet;  case,  wooden,  6-lnch  cnheof  2-lnoh  pine, 

1 

3 

0.4 

0.210 

03.47 

20,' 682 

1 

Aill;  Ignition,  Smith's  hattery,  1  Dowse-Smith 

2 

4 

0.75 

0.248 

80.50 

18,630 

1 

glycerine    fnse.      Effects:    Small    connecting 

2 

5 

0.75 

0.206 

61.80 

16,634 

I 

shaclcle-bolt  parted,  letting  ring  down;  gauge- 

1 

6 

0.4 

0.132 

43.62 

12,381 

pins  Ko.  2  and  No.  6  slightly  upset. 

3 

7 

0.3 

0.212 

8.34 

2,232 

• 

3 

8 

0.3 

0.186 

2.76 

1,067 

167 

Explosive,  dnalin;  ring,  3  foot;  charge,  1  ponnd; 

3 

1 

0.75 

0.506 

101.30 

21, 715 

1 

submergence,  35  feet;  depth  of  water,  92  feet; 

1 

2 

0.4 

0.231 

102.10 

21,836 

case,  glass  bottle,  sand  tamped ;  ignition.  Smith's 

1 

3 

0.4 

0.195 

77.22 

18.120 

1 

battery,  2  Dowse-Smlth  glycerine  fuses.  Effects: 

3 

4 

0.75 

0.366 

56.43 

14,720 

Normal. 

3 

5 

0.75 

0.333 

48.00 

13, 217 

1 

1 

6 

0.4 

0.142 

48.56 

13,303 

3 

7 

0.3 

0.073 

0.73 

810 

1 

1 

3 

8 

0.3 

0.070 

0.70 

788 

1 

1S8 

Exploslre,  dualln ;  ring,  3  foot;  charge,  2  pounds; 

8 

1 

0.75 

0.616 

153.30 

28,620 

submergence.  35  feet;  depth  of  water,  02  feet; 

1 

2 

0.4 

Disabled. 

case,  glass  bottle,  taSl ;  ignition.  Smith's  battery, 

1 

3 

0.4 

0.260 

124.60 

24,030 

2  Dowse-Sroith  glycerine  fuses.    Effects:  Ring 

3 

4 

0.76 

0.518 

10&20 

22.410 

of  suspension  strap  broke,  letting  ring  down ; 

3 

5 

0.75 

0.494 

07.10 

21,128 

* 

1 

steel  pin  of  gauge  No.  2  was  upset. 

1 

6 

0.4 

0.227 

00.21 

21, 418 

3 

7 

0.3 

0.134 

1.67 

1,408 

• 

8 

8 

0.3 

0.078 

0.70 

856 

1    150 

Explosive,  mortar  powder;  ring,  3  foot;  charge, 

1 

1 

0.4 

0.042 

3.56 

2,320 

60  pounds;  submergence,  36  feet;  depth  of  water, 

3 

2 

0.76 

0.240 

3.02 

2,247 

105  feet;  case,  wooden,  of  2-inch  pine;  ignition. 

3 

8 

0.76 

0.233 

3.56 

2,331 

Smith's  batter}^  1  Abel  powder  fuse.    Effects: 

1 

4 

0.4 

0.053 

4.78 

2,835 

• 

Normal ;  cable-gauge  hit  ring-gauge  No.  2  doing 

1 

6 

0.4 

0.034 

2.74 

1,061 

1 

1 

no  damage. 

8 

6 

0.75 

0.160 

2.10 

1.640 

1 

3 

7 

0.3 

0.075 

0.020 

94 

3 

8 

0.3 

0.047 

0.016 

62 

2 

Tor^ow 

0.75 

0.051 

2.40 

1.834 

IflO 

Explosive,  mortar  powder;  ring,  3  foot;  charge, 

1 

1 

0.4 

0.042 

3.56 

2,329 

50  pounds ;  submergenci',  85  feet ;  depth  of  wat«r, 

3 

2 

0.75 

0.228 

3.46 

2,286 

1 

105  feet;  case,  wooden,  of  2-inch  pine;  ignition, 

3 

3 

0.75 

0.278 

4.65 

2,781 

Smith's  battery,  1  Abel  powder  ftise.    Effects: 

1 

4 

0.4 

0.111 

12.50 

6,407 

Normal. 

1 

5 

0.4 

0.071 

6.03 

3,632 

p 

- 

3 

« 

0.76 

0.306 

5.84 

3,058 

• 

8 

7 

0.3 

0.028 

0.008 

41 

8 

8 

• 

0.3 

0.033 

0.01 

46 

. 

2 

Torpeda 

0,75 

0.020 

0.77 

838 

161 

Explosive,  mortar  powder;  ring  3  foot;  charge,  50 

1 

1 

0.4 

0.042 

3.56 

2,329 

pounds;  submergence,  35  feet;  depth  of  water, 

3 

2 

0.76 

0.273 

4.47 

2,723 

105  feet;  case,  wooden,  of  2.inch  pine;  ignition. 

3 

3 

0.75 

0.306 

6.37 

3,066 

Smith's  battery,  0  Dowse-Smith  glycerine  fuzes. 

1 

4 

0.4 

0.030 

3.26 

2,105 

Effects:  Torpedo  gauge  fouled  in  ring,  bending 

1 

5 

0.4 

0.040 

3.36 

2,242 

■ 

the  wire  rope  sharply. 

3 

6 

0.75 

0.120 

L42 

1,262 

' 

3 

7 

0.3 

0.028 

0.008 

30 

8 

8 

0.3 

0.069 

0.026 

80 

1 

2 

Torpedo. 

0.75 

0.057 

2.86 

2,012 
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DetaUa  of  experiments  wWi  the  Ringi — Continued. 


■ 

1 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

1 

I 

1 

Original 
bet. 

Detaila  of  experlmont. 

Benarln. 

Kind. 

Number. 

Diameter. 
Inches. 

Shorten* 
ing. 

Energy. 

Preasure. 

Jfo. 

ifidbet. 

root-OfB. 

Lbs. 

182 

Bxplosive,  mortar  powder;  ring,  3  foot;  charge, 

1 

1 

0.4 

0.188 

16.82 

6,428 

100   ponnda;   rabmergence,  35  feet;  depth  of 

8 

2 

0.75 

0.5M 

18.79 

6,747 

water,  105  feet;  oaae,  wooden,  of  2-inc1i  pine; 

3 

8 

0l75 

0.663 

aaoo 

7,582 

( 

ignition,  Smith'a  battery,  1  Abel  powder  fuse. 

1 

4 

0.4 

0.196 

28L78 

9.884 

1 

Bffecta:  NonnaL 

1 

5 

0.4 

0.134 

16.51 

6,479 

1 

3 

6 

0.75 

0.602 

12.67 

5,482 

1 
1 

3 

7 

0.8 

0.088 

0.012 

52 

1 

S 

8 

0.8 

0.148 

0L07O 

170 

1 

Torpedo. 

0.6 

0.012 

0.026 

86 

DefeetiTe. 

163 

BxplosiTe,  gnn-cotton;   nng,  3  foot;   charge,  1 

1 

1 

0.4 

0.188 

44.14 

12,479 

pound;  anbrnergenoe,  35  feet;  depth  of  water, 

8 

2 

0.75 

0.222 

26u22 

8,819 

■ 

105  feet;  case,  wooden,  of  1-inch  pine,  sand 

3 

3 

a  75 

0.221 

2&07 

8,786 

tamped;  ignition.  Smith's  battery;  1  Abel  fnie. 

1 

4 

0.4 

aoo8 

28.71 

9^368 

Effects :  Normal. 

1 

5 

0.4 

0.108 

30.85 

9,816 

3 

6 

0.75 

0.214 

24.90 

8,517 

3 

7 

0.3 

0.016 

a  10 

200 

• 

3 

8 

0l8 

0.025 

0.18 

819 

164 

Bxploaive,  gnn-cotton;  ring,  8  foot;   charge,  2 

1 

1 

0.4 

0.180 

68.67 

16,757 

pounds;  submergence,  35  feet;  depth  of  water. 

3 

2 

0.75 

0.886 

0L92 

15,642 

110  feet;   case,  wooden,  of  1-inch  pine,  sand 

3 

3 

0.75 

a  378 

59.70 

15,498 

tamped;  ignition,  Smith'a  battery,  1  Abel  foae. 

1 

4 

0.4 

0.180 

68.67 

16,757 

Eftects :  NonnaL 

1 

6 

0.4 

0.005 

27.44 

9,092 

3 

6 

0.75 

0.388 

62.58 

15,740                                      1 

8 

7 

0.3 

0.056 

0.62 

648 

• 

m 

3 

8 

0.8 

a064 

0>.61 

721 

165 

Bxplosiye,  gun-cotton;  ring,  3  foot;   chai^ge,  3 

1 

1 

0.4 

0.164 

69.92 

15,808 

ponnda;  snbmexgence,  35  feet;  depth  of  water. 

2 

2 

0.75 

0.201 

50.84 

15.289 

110  feet;  case,  wooden,  6-inoh  cube  of  2-inch 

» 

3 

0.75 

0.178 

50.48 

18,655    ' 

pine,  sand  tamping;  ignition,  Smith'a  battery, 

1 

4 

0.4 

0.175 

66.80 

16.290 

1  Abel  ftue.    EiTects:  Normal. 

1 

5 

0.4 

0.150 

52.64 

14,040 

2 

6 

0.75 

0.156 

41-77 

12,030 

3 

7 

a3 

0.048 

a  42 

656 

8 

8 

0.3 

0.063 

a60 

714 

166 

Explosire,    gnn-cotton;   ring,    3  foot;  charge,  4 

1 

1 

0.4 

0.182 

60.81 

16,942 

ponnda;  submergence,  35  feet;  depth  of  water, 

2 

2 

0.75 

0.251 

8L93 

18,852 

110  feet;  caae,  wooden,  6-inch  cube  of  2-inch 

2 

3 

0.75 

0.248 

78.00 

18.255 

, 

pine,  sand  tamping;  ignition,  Smith's  battery. 

1 

4 

0.4 

0.242 

110. 40 

22,806 

1 

1  Abel  fhxe.    Effoots :  NormaL 

1 

5 

0.4 

a  180 

68.67 

16,757 

2 

6 

0.75 

0.254 

83.34 

19,068 

3 

7 

a3 

0.074 

0.74 

818 

3 

8 

0.3 

0.060 

0.58 

696 

167 

Bxploaire,  dnaUn;  ring,  3  foot;  charge,  3  ponnda; 

1 

1 

0.4 

0.114 

Pin  badly  jammed. 

submergence,  35  feet;  depth  of  water,  110  feet; 

2 

2 

0.75 

0.293 

108.00 

21.950 

case,  tin  can,  sand  tamped;  ignition.  Smith's 

2 

3 

0.75 

0.299 

106.30 

22,418 

battexy,    2    Dowse-Smith    glycerine    faces. 

1 

4 

0.4 

a2e7 

130.40 

25,701 

Effeota:  NonnaL                              « 

1 

5 

0.4 

0.130 

42.56 

12,183 

2 

6 

0.75 

0.881 

157.70 

29,178 

3 

7 

0.3 

0.138 

1.74 

1,444 

8 

8 

0.3 

0.114 

L38 

1,208 
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Details  of  experimenU  with  the  Bings^Coniinned. 


• 

a 

p 

d 

Gauge. 

Lead  cylinder. 

—                              w 
Per  square  inch. 

Original 
ber. 

Details  of  experiment. 

Bemarks. 

Kind. 
No. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

InehM, 

Foot-lbt. 

Lbt. 

1«8 

Exx»loeiYe,  dnaUn ;  ring,  3  foot ;  oharge,  4  ponndA ; 

1 

1 

0.4 

0.250 

116.60 

23,840 

> 

ralymergence,  35  feet ;  depth  of  water,  310  feet ; 

2 

2 

0.75 

0.345 

133.00 

26,045 

oaee,  tin  can,  sand  tamped;  ignition,  Smith's bat> 

2 

3 

0.75 

0.330 

124.30 

24,885 

tery, 2 DowBe-Smith  glycerine  ftixes.    Effects: 

1 

4 

0.4 

0.282 

95.62 

20,808 

Ring  fVactored  in  two  places  through  lashing- 

1 

5 

0.4 

0.123 

Badly  Jammed  pin. 

ring  holes;   the  section  was  4.5x1.5  inches, 

2 

6 

0.75 

0.824 

120.70 

24.405 

and  the  hole  1.5  x  H  inches;    metal,  good 

3 

7 

0.3 

0.161 

2.22 

1,600 

wioaght  iron,  first  need  to-day ;  other  damage 

3 

8 

0.3 

0.163 

2.25 

1,718 

to  iron  work. 

160 

Bxplosire,  Orange  Lightning  powder;   ring,  4 

2 

1 

0.75 

a888 

4L37 

11,953 

foot ;  charge,  100  pounds ;  snbmergence,  85  feet; 

1 

2 

0.4 

0.335 

71.72 

17,258 

depth  of  water,  100  feet ;  case,  wooden,  of  2-inch 

1 

3 

0.4 

0.814 

68.93 

15,975 

pine ;  ignition,  Smith's  battery,  1  Abel  powder 

2 

4 

0.75 

0.387 

42.14 

12,100 

fuse.    Effects :  Charge,  half  of  Now  2  and  half  of 

2 

5 

0.75 

0.845 

34.47 

11,430 

Na5  grade;  both  excellent  sporting  powder; 

1 

6 

0.4 

0.262 

4&67 

12,055 

broke  shank  of  gauge  socket  by  bending  ring ; 

3 

7 

0.3 

a  114 

0.05 

187 

circular  rainbow  seen  in  spray. 

3 

8 

0.3 

0.245 

0.16 

280 

2 

Torpedo. 

0.75 

0.388 

42.31 

12.135 

170 

Explosire,  Orange  Lightning  powder;   ring,  4 

2 

1 

0.75 

0.466 

50.41 

14,000 

foot ;  charge,  100  pounds ;  submergence,  35  feet ; 

1 

2 

0.4 

0.855 

70.78 

18,517 

depth  of  water,  100  feet ;  case,  wooden,  of  2-iDch 

1 

3 

0.4 

6.260 

48.80 

13,845 

pine;  ignition, Smith's  battery, 9  Dowse- Smith 

2 

4 

0.75 

0.860 

8a  60 

11,457 

glycerine  ftixes.    Effects :  Charge,  half  of  No.  3 

2 

5 

0.75 

0.880 

40.77 

11,887 

and  half  of  No.  5  grade,  both  excellent  sporting 

1 

6 

0.4 

0.265 

47.61 

13,127 

powder;  ring  parted  at  one  lashing-ring  hole 

3 

7 

0.3 

0.096 

0.04 

118 

and  cracked  at  another.    (See  No.  168  for  sise.) 

3 

8 

0.3 

0.268 

0.19 

881 

2 

Torpedo. 

0.75 

0.435 

52.16 

13,053 

171 

Explosive, moriar powder ;  ring, 8  foot;  charge,  25 

3 

1 

0.4 

0.552 

1.45 

1,280 

pounds ;  submergence,  35  feet;  depth  of  water, 

3 

2 

0.4 

0.578 

L62 

1,873 

100  feet ;  case,  wooden,  of  2-inch  pine ;  ignition. 

3 

3 

0.4 

0.588 

1.70 

1,424 

Smith's  battery,  2  Dowse-Smith  glyoerine-fiixes. 

3 

4 

0.4 

0.524 

1.20 

1.184 

Effects:  Jet  10  to  15  feet  high,  which  rose  only 

3 

5 

0.4 

0.526 

LOO 

1,100 

after  buoy  had  shot  up  its  length  and  ftUen  back. 

3 

6 

0.4 

a560 

L50 

1,810 

3 

7 

0.3 

0.012 

0.003 

20 

3 

8 

0.3 

0.018 

0.003 

26 

2 

Torpeda 

0.4 

0.091 

0.40 

686 

172 

Sxplosiye,  mortar  powder ;  ring,  3  foot ;  charge,  25 

3 

1 

0.75 

0.061 

0.58 

701 

pounds ;  submergence,  35  feet ;  depth  of  water, 

3 

2 

0.6 

0.224 

3.37 

2,247 

100  feet ;  case,  wooden,  of  2-inch  pine ;  Ignition, 

3 

3 

0.6 

0.307 

2.15 

1,666 

Smith's  battery,  2  Dowae-Smith  glycerine  fuses. 

3 

4 

0.75 

0.087 

0.02 

043 

Effects:  Like  last. 

3 

5 

0.75 

0.076 

0.81 

870 

3 

6 

0.6 

0.304 

2.19 

1,640 

8 

7 

0.8 

0.005 

0.001 

11 

3 

8 

0.8 

0.118 

0.054 

142 

• 

2 

Torpedo. 

0.4 

0.170 

LOS 

1,016 

173 

Explosive,  mortar  powder ;  ring  3  foot ;  charge,  25 

3 

I 

0.75 

0.066 

0.65 

752 

pounds ;  submergence,  35  feet;  depth  of  water, 

3 

2 

0.6 

0.254 

L60 

1,367 

100  feet ;  case,  wooden,  of  2-inch  pine ;  ignition, 

3 

3    . 

0.6 

0.287 

L03 

1,552 

Smith's  battery,  2  Dowse-Smith  glycerine  fuses. 

•      3 

4 

0.75 

0.098 

L08 

1.048 

Effects:  Likelsst. 

8 

5 

0.75 

0.081 

0.83 

888 

8 

6 

0.6 

0.885 

2.45 

1,818 

8 

7 

0.8 

0.006 

0.001 

12 

8 

8 

0.3 

0.012 

0.008 

20 

3 

Torpedo. 

0.4 

0.477 

L07 

1,045 

366 


APPENDIX  A. 


Details  of  experimenta  with  the  Bingt — Gontiuaed. 


u 


174 


175 


176 


177 


176 


179 


Details  of  exi>erlment. 


Sxplosive,  mortar  powder;  ring,  3  foot ;  oharge,  ^5 
pounds ;  submergence,  35  feet ;  depth  of  water, 
100  feet ;  case,  wooden,  of  2-inch  pine ;  ignition, 
Smith's  battery,  2  Dowse^mlth  glycerine  fuses. 
ElTeots:  Like  last  shot. 


Explosive,  mortar  powder ;  ring,  8  foot ;  charge,  26 
pounds ;  submergence,  35  feet ;  depth  of  water, 
98  feet;  case,  Confederate  frame  torpedo  of  1.5 
inch  cast  iron,  weighing  886  pounds,  Just  filled ; 
ignition.  Smith's  battery,  2  Dowse*Smith  glycer- 
ine fhses.  Eflbots:  Extra  oil  cask  float;  Jet 
similar  to  last  shot ;  ring  struck  by  6  fhigments 
but  not  hurt ;  smaU  groove  out  round  torpedo  to 
divert  fragments  by  forming  fracture  in  ring 
plane. 

Explosive,  mortar  powder;  ring,  8  foot ;  charge,  25  I 
pounds ;  submergence,  85  feet ;  depth  nt  water,  { 
98  feet ;  case,  wooden,  of  2-inch  pine ;  ignition, 
Smith's  battery,  2Dowse-Smith  glycerine  fuses. 
Effects:  Normal. 


Exploeive,  dualin ;  ring,  5  foot;  charge,  5  pounds ; 
submergence,  85  feet ;  depth  of  water,  108  feet ; 
case,  wooden,  6-inch  cube  of  2-inch  pine,  sand 
tamping;  ignition.  Smith's  battery,  1  Dowse- 
Smith  glycerine  Aixe.    Effects:  NormaL 


Explosive,  gun-cotton ;  ring,  5  foot ;  charge,  4 
pounds;  submergence,  68  feet ;  depth  of  water,  | 
108  feet;  case,  wooden,  6-inch  cube  of  2-inch  ; 
pine,  sand  tamping;  ignition,  Smith's  battery,  1 
Abel  Aise.  Effects:  Buoy  did  not  move;  in 
about  15  or  20  seconds  gas  rose  like  a  balloon 
through  water  and  made  a  bubbling ;  diameter 
of  the  appearance  when  first  seen  below  sur- 
Ihce,  about  20  feM. 


Explosive, dualin ;  ring, 6 foot;  charge, 5 pounds ; 
submergence,  68  feet ;  depth  of  water,  108  feet ; 
case,  wooden,  6-inch  cube  of  2-inch  pine,  sand 
tamping;  ignition,  Smith's  battery,  1  Dowse- 
Sroith  glycerine  Aise.  Effects :  Sisailar  to  Isst ; 
balloon  rose  in  12  seconds. 


I 


Gauge. 


Kind. 

No. 
8 

3 

3 

3 

3 

3 

3 

3 

3 

3 
3 
3 
3 
3 
3 
3 
3 


3 
8 
3 
3 
3 
3 
8 


3 
3 


3 

3 
8 


3 

3 
3 


Number. 


1 
2 
3 
4 
6 
6 
7 
8 
Torpeda 

1 
2 

8 
4 
5 
6 
7 
8 


1 
2 
3 
4 

6 
6 
Torpedo. 

1 
2 
3 
4 

6 
6 
7 
8 

1 
2 
3 

4 
6 
6 
7 
8 
9 
10 

1 
2 
3 

4 
5 
6 
7 
8 
9 
10 


Lead  oylinder. 


Diameter. 


Inehss. 
0.76 

0.6 

0.6 

0.75 

0.76 

0.6 

0.3 

0.3 

0.4 

0.75 

0.6 

0.6 

0.75 

0.76 

0.6 

as 

0.8 


0.6 

0.6 

0.75 

0.4 

0.6 

0.76 

0.6 

0.5 
0.4 
0.4 
0.5 
0.6 
0.4 
0.3 
0.8 

0.5 
0.4 
0.4 
0.5 
0.6 
0.4 
0.8 

■  •  • 

0.3 
0.8 


Shorten- 
ing. 


Indk§». 
0.087 

0.246 

0.203 

0.121 

0.105 

a343 

aoo4 
a  015 

a  478 

0.660 
a738 
0.710 
0.510 
0.421 
0.588 
0.019 
0.096 


0.288 
0.234 
0.080 
0,524 
0.189 
0.096 
0.187 

0.125 
0.119 
0.128 
0.116 
0.129 
0.140 

ao5i 

0.088 

0.056 
0.095 
0.076 
a043 
0.091 
0.077 
0.016 

0.016 
a  056 


Per  square  inch. 


Energy.    Presanie. 


Foot4b§. 
LOO 

L52 

LIS 

L44 

L19 

2.54 

0.001 

0.004 

L07 

28.84 

11.44 

10.27 

18.08 

9.19 

6i58 

0.005 

0.04 


0.5 

0.132 

0.4 

0.185 

0.5 

0.091 

0.5 

0.083 

0.5 

0.136 

0.4 

0.13C 

0.3 

0.019 

•  >  • 

0.3 

0.035 

0.3 

0.075 

L44 
L40 
0.82 
2.87 
LOl 
L05 
LOO 

52.06 
87.60 
41.70 
4&66 
64.42 
47.62 
0.45 
0.95 

17.18 
27.  M 
20.46 
12.84 
33.22 
20.83 
0.10 

0.10 
0.52 

56.24 
45.20 
33.22 
29.85 
58.76 
42.56 
0.U 

0.27 
0.75 


Lbt, 
1,087 

1,320 

1,087 

1,271 

L120 

1,862 

10 

23 

L048 

8,278 
6,074 
4,721 
5,549 
4,386 
3,491 
27 
118 


1,276 
1,254 

879 
2,018 
L009 
1,026 

998 

13,933 
11,215 
12,018 
12,962 
14,849 
13*113 
688 
964 

6,655 
9,002 
7,478 
6,477 
10,328 
7,564 
209 

209 
656 

14,668 
12,677 
10,328 
9,509 
15,105 
12,183 
234 

427 
825 


Shows  rounded 
edges. 

Shows  roanded 
edges. 


None  used. 


Noaeused. 
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Details  of  experiments  teith  ihe  Rings — Oontinued. 


• 

i 

• 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

' 

p 

Details  of  experiment. 

Bemarks. 

I 

• 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

Ko. 

IneihBi. 

JncAst. 

Foot-lbt. 

Lbt. 

180     EzploAiye,  moTtar  powder;  ring,  6  ftwt;  ohftrge, 

1 

0.6 

0.182 

46i82 

12,979 

300  pounds;  snbmergenee,  55  feet,*   depth  of 

« 

2 

0.76 

0.091 

125.70 

25,072 

1      water,  106  feet;  cmo,  wooden,  of  8-inch  hem- 

8 

0.76 

0.082 

82.30 

10,118 

lock  (22  inches);  ignition,  Smith's  battery.  0 

4 

0.6 

0.201 

64.79 

10,118 

Dowse-Smith  glycerine  ftizes.    ElTecta:  Huge 

« 

6 

0.6 

0.083 

l&OO 

6,868 

Jet  and  large  ware;  fragment  of  case  fell  by 

6 

0.75 

0.025 

23.40 

8,175 

boat  300  feet  distant  ftrom  ihe  bnoy ;  wire  rope 

8 

7 

0.3 

0.074 

0.75 

824 

(1-inoh)  torn  in  two  pieces,  and  guard  rope 

8 

■  •  ■ 

None  used. 

parted;  lowering  rope  saved  ring;  gauge  lost 

• . . 

9 

•  ■  ■ 

■  ■  «  •  •  • 

Do. 

by  broken  shackle. 

8 

10 

a3 

0.420 

0.48 

612 

Lait  shot  fired  in  1871  (NoTember  0). 

2 

Torpedo. 

0.75 

• 

Lost  gauge. 

181     Exploeive,  daalio,  wet,  and  dynamite,  Ko.  1,  dry; 

1 

0.4 

0.138 

46i59 

12,989 

ring,  4  foot ;  charge,  4+1  pounds ;  submergence, 

2 

0.4 

0.148 

51.03 

18,869 

86  feet ;  depth  of  water,  108  feet;  case,  can  Ko. 

3 

0.4 

0.140 

47.52 

13, 113 

2;   ignition.    Smith's  battery,  1  Dowse-Smith 

4 

0.4 

0.130 

42.56 

12,183 

• 

glycerine  ftize.    Effects :  Dynamite  in  1-pound 

5 

'     0.4 

0.136 

45.66 

12,764 

tin  can,  bedded  in  dualin  wet  with  fresh  water. 

« 

6 

0.4 

0.126 

40.85 

11,853 

and  open  to  leakage ;  water  boiled  up  a  little. 

8 

7 

0.3 

0.085 

0.90 

932 

• 

First  shot  of  season  (May  80,  1872). 

8 

8 

a8 

0.08D 

0.82 

876 

182 

Explosive,  dualin  and  dynamite  No.  1 ;  ring,  4  foot ; 

1 

0.4 

a222 

95.62 

20,896 

charge,  4  +  1  pounds;    submergence,  85  feet; 

2 

0.4 

0.247 

114.20 

23,631 

depth  of  water,  108  feet;  case,  can  Ko.  2;  igni- 

3 

0.4 

a  270 

132.80 

26,010 

tion.  Smith's  battery,  1  Dowse-Smith  glycerine 

4 

0.4 

0.262 

126.30 

25,156 

Aim.    Effects:  Arrangement  like  last,  except 

6 

0.4 

0.242 

lia40 

22,896 

j     that  dnalin  was  dry;  effect  vastly  greater;  a 

« 

0.4 

0.227 

99.21 

21,418 

marked  dome  formed. 

7 

as 

0.202 

8.10 

2,124 

8 

0.3 

0.152 

2.02 

1,609 

188 

Explosive,  dynamite  Ko.  1;  ring,  4  foot;  charge. 

I 

0.4 

0.113 

84.94 

10,679 

1  pound :  submergence,  85  feet ;  depth  of  water, 

2 

0.4 

0.110 

38.62 

10,412 

06  feet;  case,  fuse  can ;  ignition,  Smith's  bat- 

8 

0.4 

0.085 

23.60 

8.244 

tery,  1  Dowse-Smith  glycerine  face.    Effects: 

4 

0.4 

0.060 

21.96 

7,83G 

• 

NormaL 

6 

0.4 

0.097 

2&28 

0,276 

. 

0 

a4 

0.070 

18.42 

6,971 

8 

7 

0.3 

0.028 

0.21 

866 

8 

8 

0.8 

0.054 

0.40 

620 

184 

Explosive,  dynamite  Ko.  1;  ring,  4  foot;  charge, 

1 

1 

0.4 

0.095 

27.  M 

9.092 

1  pound ;  submergence,  35  feet ;  depth  of  water. 

1 

2 

0.4 

0.126 

40.85 

11,863 

88  feet;  case,  fVLsecan;  ignition.  Smith's  bat- 

1 

3 

.0.4 

0.085 

23.69 

8,244 

tery,  1  Dowse-Smith  glycerine  Aise.    Effects: 

1 

4 

0.4 

0.093 

26.69 

8,925 

Normal. 

1 

6 

0.4 

0.091 

25.04 

8,758 

" 

1 

0 

0.4 

0.003 

26.60 

8,925 

8 

7 

0.4 

0.083 

0.40 

646 

• 

3 

8 

0.4 

0.026 

0.30 

450 

186 

Explosive,  dynamite  No.  1,  wet  and  dry ;  ring. 

1 

1 

0.4 

0.209 

86.87 

19,626 

4  foot;  charge,  4  +  1  pounds;  submergence,  85 

1 

2 

0.4 

0.262 

12&30 

25,166 

feet;  depth  of  water,  98  feet;  case,  can  No.  2; 

1 

3 

0.4 

0.235 

105.10 

22,265 

ignition,  Smith's  battery,  ]  Dowse-Smith  gly- 

1 

4 

0.4 

0.177 

66.95 

16,477 

cerine  fhze.   Effects :  Dynamite  dry  in  fuse  can. 

1 

5 

0.4 

0.212 

110.40 

22,896 

bedded  in  4  pounds  wet  with  fresh  water  and 

1 

6 

0.4 

0.199 

79.81 

18,524 

open  to  leakage,  in  can  No.  2 ;  usual  effect  for 

8 

7 

0.4 

0.118 

2.21 

1,686 

6-pound  dry  charge. 

8 

8 

0.4 

0.088 

1.48 

1,300 
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DetaiU  of  experiments  with  the  Binge — Gontinaed. 


Original  mun- 
ber. 

4 

Detaila  of  experiment 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

Bsmarki. 

Kind. 

Number. 

Diameter. 
JneAsf. 

Shorten- 
ing. 

EnOTgy. 

Presanra. 

• 

Jfo. 

Jtidkr*. 

FooUb: 

IM.     1 

186 

Sxplosive,  dynamite  No.  1 ;  rinc  4  foot;  charge, 

1 

0.4 

0.251 

117.30 

28.048 

6  pounda;    snbmergenoe,    85  feet;   depth   of 

2 

0.4 

0.288 

120.60 

25,508 

water,    08  feet;    oaae,    can  "No.  2;  Ignition, 

8 

0.4 

0.218 

88.13 

10,088    . 

Smith's  battery,  1  Dowae-Smith  glycerine  ftiae. 

4 

0.4 

0.220 

0120 

20,600 

EflTects:  Arrangement  as  in  last  shot,  except 

5 

0.4 

0.286 

120.60 

25,506 

1 

entire  charge  was  dry ;  broke  ring  of  suspension 

« 

0.4 

0.204 

88.16 

10.041 

strap. 

3 

7 

0.4 

0.115 

2.13 

1,666 

1 

3 

8 

0.4 

0.001 

1.56 

1,836 

187 

Explosive,  mortar  powder;  ring,  4  fbot;  chai^. 

1 

1 

0.4 

0.210 

82.16 

10,107 

100  poonds;   submergence,  35  feet;  depth  of 

1 

2 

0.4 

0.183 

28.01 

8,772 

water,  08  feet;  case,  24-gallon  keg diaphragmed. 

1 

8 

0.4 

0.226 

36L13 

10,022 

air  space  up ;  ignition.  Smith's  battery,  1  Dowse- 

1 

4. 

0.4 

0.007 

10.46 

4.778 

Smith  glycerine  ftue.    BiTeots:  NormaL 

1 

6 

0.4 

0.155 

20.41 

7,463 

1 

« 

0.4 

0.103 

1L35 

5,047 

8 

7 

0.4 

0.002 

0.038 

114 

• 

8 

8 

0.4 

0.063 

0.034 

105 

188 

ExplosiTe,  mortar  powder;  ring,  4  foot;  charge, 

1 

1 

0.4 

0.074 

7.30 

8,760 

100  pounds;   submergence,  85  feet;  depth  of 

1 

2 

0.4 

0.072 

7.06 

3,675 

water, 08 feet;  case, 24-gallon  keg  diaphragmed, 

1 

3 

a4 

0.067 

6.44 

8,460 

air  space  down;  ignition.  Smith's  battery,  1 

1 

4 

0.4 

0.086 

&00 

4,288 

Bowse-Smith  glycerine  fuse.    Effects:  Normal. 

1 

6 

0.4 

0.068 

6.57 

8,603 

1 

6 

0.4 

0.130 

15.73 

6,273 

3 

7 

0.4 

0.037 

0.023 

81 

8 

8 

0.4 

0.076 

a068 

150 

180 

ExplosiTo,  musket  powder;  ring,  4  foot;  charge, 

1 

1 

0.4 

0.105 

11.64 

5,138 

100  pounds;   submergence,  .85  feet;  depth  of 

1 

2 

0.4 

0.210 

82.16 

10,107 

water,  06  feet ;  case,  24-gallon  keg  diaphragmed. 

1 

8 

0.4 

a  114 

13.07 

5,544 

air  space  up ;  Ignition,  Smith's  battery,  1  Dowse- 

1 

4 

0.4 

0.148 

laoo 

7,138    ,                                1 

Smith  glycerine  fuse.    BiTects :  NoimaL 

1 

6 

0.4 

0.114 

13.07 

5.544 

1 

« 

0.4 

0.165 

22.35 

7.080 

8 

7 

0.4 

a  074 

0.056 

146 

8 

8 

0,4 

0.128 

0.117 

230 

100 

ExplosiTc,  musket  powder;  ring,  4  foot;  charge, 

1 

1 

0.4 

0.084 

&63 

4.204 

100  pounds;   submergence,  85  feet;  depth  of 

1 

2 

0.4 

0.087 

0.04 

4.332 

water,  OSfeet;  case,  24-gallon  keg  diaphragmed, 

1 

3 

0.4 

0.160 

2L41 

7,706 

air  space  down;  ignition,  Smith's  battery,  1 

1 

4 

0.4 

0.113 

12.81 

5,486 

Bowse-Smith  glycerine  fuse.    Effects :  NormaL 

1 

5 

0.4 

0.303 

50.80 

15.280 

1 

« 

0.4 

0.224 

35.87 

10,860 

8 

7 

0.4 

0.070 

0.061 

154 

- 

8 

8 

0.4 

0.088 

0.070 

170 

101 

Explosive,  dnalin,  wet,  and  dynamite  No.  1,  dry ; 

1 

1 

0.4 

0.151 

68.14 

14,128 

ring,  4  foot;  charge,  4-f  |  pounds;  submerg- 

1 

2 

0.4 

0.174 

6&26 

IMOO 

ence,  35  feet;  depth  of  water,  100  feet;  case, 

1 

8 

0.4 

0.187 

4&13 

12,851 

can  No.  2  and  fuze  can  inside  of  it;  ignition, 

1 

4 

0.4 

0.160 

Lead  bent 

Smith's  battery,  1  Bowse-Smith  glycerine  ftise. 

1 

5 

0.4 

0.187 

4&13 

12,851 

Effects:  NormaL 

1 

6 

0.4 

0.161 

53.14 

14,128 

8 

7 

0.4 

0.066 

1.03 

1,018 

8 

8 

0.4 

0.051 

0.73 

806 
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Details  of  experiments  with  the  Rings — Continued. 


p 

Details  of  experiment. 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

"H^ifflHrkS. 

• 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Inekei. 

Energy. 

Pressure. 
Lb». 

• 

• 

No. 

Inehs§. 

Foot-lbt. 

in 

Bxploeiire,  dnAlio,  wet,  and  dynamite  No.  1,  dry ; 

1 

0.4 

0.188 

4&S0 

12,080 

rinic  4  foot ;  charge.  4  + 1  ponnda ;  aobmergenoe, 

1                 2 

0.4 

0.164 

50.02 

15,308 

85  feet;  depth  of  water,  100  feet;  case,  can  No.  2, 

1                 8 

0.4 

a  120 

43.13 

12.100 

and  fuse  can  inside ;  ignition,  Smith's  batterv, 

1        I         4 

1 

0.4 

0.112 

34.50 

10,500 

* 

1  Dowse-Smith  glycerine  Aim.    Elfrcts:  Fired 

1                 5 

0.4 

0.122 

30lOO 

11,401 

on  Jime  14,  1672 ;  almost  a  tornado  followed ; 

1        ,          6 

0.4 

0.128 

41.70 

12,018 

had  to  anchor  ring  to  lighten  raft;  small  boat 

8                 7 

0.4 

0.050 

0.71 

.705 

broke  loose  and  drifted  ashore  with,  battery ; 

3 

8 

0.4 

Lost  in  storm. 

baling  water  for  an  hour  to  keep  from  swamping. 

108 

SxplosiTe,  dynamite  No.  1,  wet  and  dry ;  ring,  4 

1                  1 

0.4 

0.188 

70.38 

17.085 

fboi;  charge,  4  +  1  pounds;  submergence,  86           1                2 

a4 

0.223 

06l88 

21,002 

feet ;  depth  of  water,  100  feet;  case,  can  No.  2, 

1                 3 

0.4 

0.236 

105i80 

22.860 

and  fuse  can  inside ;  ignition.  Smith's  battery. 

1 

4 

0.4 

0.172 

64.18 

16,018 

Pin  broken  at  base. 

1  Dowse-Smith  glycerine  ftvut.    Charge  soaked  i         1       |         5 

0.4 

0.257 

122.10 

24,600 

for  4  days.    Effects:  Bed  Taper  and  Ihmes  rose  |         1                6 

a4 

a  188 

78.10 

17,487 

after  explosion.                                                            8 

7 

0.4 

0.061 

0.01 

041 

« 

3 

8 

0.4 

0.063 

1.38 

1,230 

IM 

SxplosiTe,  dynamite  No.  1,  wet  and  dry ;  ring,  4 

1 

1 

1>.4 

0.210 

87.00 

• 

10,620 

• 

foot;   charge,  4+|  poonds;  submergence,  35  |         1 

2 

0.4 

0.221 

04.01 

20,704 

feet ;  depth  of  wster,  lOQ  feet ;  esse,  can  No.  2, 

8 

0.4 

0.108 

70L16 

-  18,423 

, 

and  fhse  can  inalde;  ignition,  Smith's  battery,  1 

4 

0.4 

0.245 

112.70 

23,325 

Dowse-Smith  glycerine  ftise.     Elfects:   Like 

5 

0.4 

0.203 

82.48 

18.087 

last  shot. 

6 

a4 

0.101 

74.88 

17,756 

7 

0.4 

0.005 

L65 

1,885 

3 

8 

0.4 

0.058 

0.86 

800 

• 

196 

Elred  In  the  Cnte.~8ee  Appendix  B. 

106 

Explosive,  dynamite  No.  1,  loose ;  ring,  4  foot ; 

1 

1 

0.4 

0.182 

60.81 

16,042 

charge,  3  pounds;  submergence,  85 feet;  depth 

1 

2 

0.4 

0.214 

80.84 

20,044 

of  water,  110  feet ;  esse,  can  No.  1,  sawdust 

1 

8 

0.4 

0.182 

60.81 

16,042 

tamped, up;  ignition,  Smith's  battery,  1  Dowse- 

1 

4 

0.4 

0.184 

70.85 

17,127 

Smith  glycerine  fhie.    Effects:  Normal 

1 

6 

0.4 

a  162 

58.64 

14,216 

1 

6 

0.4 

0.180 

68.67 

16,757 

3 

7 

0.4 

a088 

1.88 

1,230 

8 

8 

0.4 

0.042 

0.87 

683 

107 

Exploaive,  dynamite  No.  1,  loose;  ilng,  4  foot; 

1 

1 

0.4 

0.152 

58.64 

14, 216 

charge,  3 pounds;  submergence,  35  feet;  depth 

1 

2 

0.4 

0.212 

88.42 

10,882 

of  water,  110  feet;  case  can  No.  1,  sawdust           1 

3 

0.4 

0.161 

58.41 

15.044 

tamped,  down;    ignition,    Smith's  battery,   1 

1 

«      4 

0.4 

0.205 

88.84 

10, 145 

Dowse-Smith  glycerine  fhxe.    Effects:  Normal. 

1 

6 

0.4 

0.151 

63.14 

14.128 

1 

6 

0.4 

0.148 

51.03 

18,860 

• 

8 

7 

0.4 

0.081 

L83 

1,210 

/ 

8 

6 

0.4 

0.066 

1.03 

1,018 

106 

BxpIosiTe,  dynamite  No.  1,  compacted;  ring,  4 

1 

0.4 

0.106 

7a  16 

18,423 

foot;  charge,  8  pounds;  submergence,  35  feet; 

2 

0.4 

0.214 

80.84 

20.044 

depth  of  water,  110  feet ;  case,  can  No.  1,  sand 

8 

0.4 

0.178 

64  72 

16,100 

tamped,  up ;  Ignition,  Smith's  battery,  1  Dowse- 

4 

0.4 

0.161 

68.41 

15,044 

Smith  glycerine  ftise.    Effects:  NonnaL 

6 

0.4 

a  ISO 

57.35 

14.862 

6 

0.4 

0.178 

64.72 

16,100 

8 

7 

0.4 

0.060 

1.08 

1,053 

3 

8 

0.4 

0.053 

0.76 

834 

No.  23 47 
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I 
1* 


199 


200 


201 


202 


203 


204 


Details  of  experiment. 


Gauge. 


Ezploelye,  djnamite  No.  ],  compacted;  ring,  4 
foot;  charge,  8  pounda;  snbmergence,  35  feet; 
depth  of  water,  110  feet ;  caae,  con  Ko.  1,  sand 
tamped,  down;  ignition,  Smith's  battery,  1 
Dowse-Smith  glycerine  fuse.    Effects:  Kormal. 


BxpiosSve,  dynamite  Ko.  1,  loose;  ring,  4  foot; 
charge,  8  pounds ;  submergence,  85  feet ;  depth 
of  water,  110  feet;  rase,  can  Ho.  2,  sawdust 
tamped,  op ;  ignition,  Smith's  battery,  1  Dowse- 
Sroith  glycerine  fVize.    Effects :  Normal. 


ExplosiTC,  dynamite  No.  1,  loose;  ring,  4  foot;  ; 
charge,  8  pounds ;  submergence,  85  feet ;  depth  ' 
of  water,  110  feet;  case,  can  No.  2,  sawdust 
tamped,   down;   Ignition,  Smith's  battery,    1 
Bowse-Smith  glycerine  ftise.    Effects:  NormaL 


Exploatve,  dynamite -No.  1,  compaoted;  ring,  4 
foot ;  charge,  8  pounds ;  submergntoe,  35  feet ; 
depth  of  water,  110  feet ;  case,  can  No.  2,  sand 
tamped,  up ;  ignition.  Smith's  battery,  1  Dowae- 
Smith  gl>oerine fuze.    Effects:  Normal. 


Exploaire.  dynamite  No.  1,  compacted;  ring,  4 
foot ;  charge,  3  pounds ;  submergence,  85  feet ; 
depth  of  water,  110  feet ;  rase,  ran  No.  2,  sand 
tamped,  up;  ignition.  Smith's  battery,  1  DowaO- 
Smith  glycerine  fuse.    Effects:  Normal. 


Exploaive,  nitro-glycerine  (Chester's);  ring,  4 
foot ;  charge,  2  pounds ;  aubmergrnce,  35  feet ; 
depth  of  water,  100  fret;  case,  can  No.  1,  open; 
ignition.  Smith's  battery,  2  Mowbray  fuzes. 
Effects:  Normal. 


Kind.    I  Number. 


1 
1 
1 
1 
1 
1 
8 
8 


1 
1 
1 
1 
1 
1 
8 
8 


8 
8 


3 
8 


8 
3 


8 
3 


1 
2 

8 

4 
5 

e 

7 
8 


1 
2 
8 

4 
5 
« 
7 
8 


1 
2 
3 
4 
6 
6 
7 
8 


1 
2 
3 

4 
5 
6 
7 
9 


1 
2 
8 

4 
5 
6 
7 
8 


1 
2 
3 

4 
5 
6 
7 
8 


Lead  cylinder. 


Per  square  inch. 


Diameter.  ^*\®'*«°* 
ing. 


/ndkst. 
0.4 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0-4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


Inshta. 
0.179 

0.214 

o.ia 

0.185 
0.150 
0.165 
0.008 
0.067 


0.186 
0.191 
0  185 
0.132 
0.165 
0.183 
0.128 
0.048 


0.4 

0.845 

0.4 

0.229 

0.4 

0.160 

0.4 

0.151 

0.4 

0.166 

0.4 

0.176 

0.4 

0.075 

0.4 

0.069 

0.218 
0.277 
0.142 
0.180 
0.110 
0.1S0 
0.085 
0.065 


0.148 
0.171 
0.099 
0.102 
0.090 
a  102 
0.073 
0.045 


Energy.  .Pressure. 


Foot-Uu. 
68.10 

89.84 

661 42 

7L52 

62.64 

60.48 

LOO 

a84 


0.288 

107.80 

0.208 

82.48 

0.158 

54.15 

0.145 

50.12 

0.128 

4L70 

0.142 

4&56 

0.075 

L20 

0i060 

0.89 

45.20 
74.88 
45.20 
43.62 
60.43 
44.14 
2.34 
0.58 


112.70 

100.67 

67.90 

63.14 

60.96 

66.87 

L20 

L06 


92.74 
138.70 
48.56 
68.67 
83.62 
53.64 
L48 

aso 


29L13 
80.42 
25.57 
80.42 
L16 
0.62 


Lbg. 
16(664 

20.044 

15,217 

17,220 

14,040 

15,390 

1,041 

887 


22,670 
18,987 
14,804 
13.587 
12.018 
13,303 
1,129 
925 


12,677 
17,756 
12.677 
12,881 
15,390 
12,479 
1,762 


28.825 
21,626 
14,967 
14.128 
15^479 
16,883 
1.129 
1,053 


20,474 
28.778 
18,308 
16,757 
10,412 
14,040 
1,268 
861 


49. 06  '  IS,  897 


9,460 
9,728 
8,674 
9,728 
1.103 
727 


Bemarka. 


Defectlre  lead. 
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Details  of  experiments  tcith  the  Rings  -—GoDtiiiued. 


d 


i 


205 


2M 


207 


208 


200 


210 


Details  of  experiment. 


ExploaiTe,  Ditnvglyoei-iBe  (ClieBt«T*») ;  ring,  4  foot  ; 
charge,  3  pounds;  submergence,  95  feet;  depth 
of  water.  02  feet;  case,  can  No.  2,  open ;  ignition, 
Smith's  batter  J,  3  Mowbray  Aises.  Effects: 
Nonnal. 


BxplosiTe,  nitro* glycerine  (Chester's) ;  ring,  4  foot: 
charge,  1  poand ;  submergence,  35  feet;  depth  of 
water,  100  feet;  case,  fuse  can,  open;  ignition. 
Smith's  battery,  2  Mowbray  faces.  Effecta: 
Normal ;  bubbling  began  in  7  seconds  after  ex- 
plosion. 


ExplpsiTC,  nitro-glycerine  (Chester's);  ring,  4 foot; 
charge,  2  pounds ;  submergence,  35  feet;  depth 
of  water,  100  feet ;  esse,  can  No.  1,  open ;  igni- 
tion, Smith's  battery.  2  Mowbray  fuses.  Effects : 
Bubbling  began  in  04  seconds  after  explosion. 


Explosive, nltro-glyoerine (Chester's);  ring,  4 foot; 
charge,  5  pounds;  submergence,  35  feet;  depth 
«if  water,  100  feet;  case,  can  No.  2,  open;  igni- 
tion, Smith's  battery,  2  Mowbray  fbxes.  Bfiiicts : 
Both  Aizes  failed  on  first  trial ;  replaced  then  by 
new  ones;  bubbling  began  in  5|  seconds  after 
explosion;  fonnd  suspension  ring  cracked. 


ExplosiTe,  dynunite  No.  1.  made  on  spot;  ring, 
4  foot;  charge,  1  pound;  submergence,  35  feet; 
depth  of  water,  100  feet;  case,  fuse  can.  com- 
pacted; ignition,  Smith's  battery,  2  Mowbray 
fuses.  Made  from  the  Chester  nitro-glycerine, 
for  direct  comparison.  Effecta:  Babbling  began 
12^  seconds  after  explosion. 


Explosire,  dynamite  No.  2;  ring  4  foot;  charge,  1 
pound;  su  mergence,  85  feet;  depth  uf  water, 
100  feet:  case,  fuse  can;  ignition,  Smith's  bat- 
tery, 2  Mowbray  fuzes.  Effecta :  Babbling  began 
10  seconds  after  explosion. 


Gauge. 


Lead  cylinder.      '    Per  square  inch. 


Kind. 


No, 


3 
3 


8 
3 


3 
3 


3 
3 


3 
3 


3 
3 


Number. 


.p  "^ 


1 
2 
3 

4 
5 
6 
7 
8 


1 
2 
3 
4 
5 
6 
7 
8 


1 
2 
3 

4 
5 
6 
7 
8 


1 
2 
3 

4 
5 
6 
7 
8 


1 
2 
3 

4 
5 
6 
7 
8 


1 
2 
3 
4 
5 
6 
7 
8 


Diameter.'  Shorten, 
ing. 


InehM. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 

a4 

0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


Inches. 
O.UU> 

0.127 

0.120 

0.152 

a  102 

0.168 

0.007 

0.103 


0.100 
0.156 
0.076 
0.071 
0.068 
a  061 
0.053 
0.028 


0.002 
0.100 
0.103 
0.003 
0.085 
0.100 
0.101 
a045 


a228 
0.287 
0.257 
0.268 
0.205 
0.214 
0.087 
0.106 


0.005 
0.070 
0.070 
0.078 
0.064 
0.066 
6.028 
0.023 


0.4 

0.037    ' 

0.4 

0.043 

0.4 

0.038 

0.4 

0.035 

0.4 

0.036 

0.4 

0.037 

0.4 

0.007 

0.4 

0.018 

Energy. 


Foot-Vba. 
45.20 

41.28 

40.85 

63.64 

58.81 

60.86 

1.68 

L84 


28.56 


20.46 
ia75 
14.48 
15.47 
0.76 
0.33 


26.32 
28.55 
30.85 
26.68 
23.68 
28.56 
L84 
0.62 


88.84 

10&60 

122.10 

131.20 

8a  84 

88l84 

L68 

L81 


23.68 
18.42 
18.42 
21.58 
16.42 
17.07 
0.33 
0.26 


a24 
8.81 
8  53 
7.67 
7.86 
8.24 
0.06 
0.18 


Pressure. 


Lbt. 
12,677 
11.835 
11,853 
14,216 
15^130 
15,478 
1.422 
1.488 


8,562 


7,478 
7,053 
5,838 
6,208 
834 
473 


8,841 
8,552 
8,816 
8.825 
8,244 
8,552 
1.550 
7«7 


21,522 
22,465 
24,6&0 
25,804 
18,145 
20,044 
1,422 
1,536 


8,244 
6,871 
6,871 
7,745 
6,458 
6,624 
473 
404 


4,060 
4,608 
4,172 
3,886 
3,888 
4.080 
156 
335 


Bemarks. 


Defective  lead. 
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Details  of  experitMtUa  teitk  tlu  Binga — Oontinoed. 


■ 

g 

a 

Gaoge. 

Lead  cylinder. 

Per  square  in<^ 

Original 
ber. 

DetaUs  of  experiment 

Banstka 

Kind. 

Number. 

Diameter. 
Inehsi. 

Shorten- 
ing. 

Energy. 

Pressure. 

No. 

Ineh€9. 

• 

J'oof.lte. 

Xftf. 

211 

ExploslTe,  dynamite  Ko.  1,  made  on  spot ;  ring, 

1 

a4 

a  217 

92.01 

20,866 

« 

4  foot;   charge,  2  pounds ;    sabmergenoe,    35 

2 

0.4 

0.200 

86.87 

19,626 

feet;  depth  of  water,  110  feet;  case,  can  No.  1; 

8 

0.4 

0.124 

80.96 

11,  on 

ignition,   Smith's   battery,  2  Mowbray  fusee. 

4 

0.4 

0.1M 

89L96 

11,  on 

Effects:  Babbling  began  10  seconds  after  ez- 

5 

0.4 

0.128 

41.70 

12,018 

ploeion. 

6 

0.4 

0.100 

88.22 

10,828 

. 

7 

0.4 

0.065 

LOl 

1,006 

8 

0.4 

0.084 

a42 

562 

312 

Bxplosiye,  dynamite  No.  2;  ring,  4  foot;  charge,. 

1 

0.4 

0.*288 

DefeetiTeteid. 

S  pounds;  submergence,  85  feet;  depth  of  water, 

2 

0.4 

0.102 

7&47 

17,847 

100  feet ;  caae,  can  No.  2 ;  ignition,  Smith's  bat- 

8 

0.4 

a  146 

50.42 

13,678 

tery,  2  Mowbray  fuses.      Effects :    Babbling 

4 

0.4 

ai83 

M.14 

12,479 

began  0  seconds  after  explosion. 

5 

a4 

0.107 

32.42 

10,160 

6 

0.4 

0.U5 

85l82 

10,867 

7 

0.4 

0.076 

L22 

1,142 

3 

8 

0l4 

a  051 

0.73 

806 

213 

ExploaiTe,  dynamite  No.  1,  made  on  spot;  ring,  4 

• 

1 

• 
0.4 

0.252 

118.10 

24,056 

foot;  charge,  3  pounds;  submergence,  85  feet; 

2 

0.4 

0.258 

128.00 

24,710 

depth  of  water,  100  fuet;  case,  can  No.  2;  igni- 

8 

0.4 

0.148 

51.06 

13,850 

tion.  Smith's  battery,  2  Mowbray  fuseit.  *  Ef- 

J 

4 

0.4 

0.148 

5L03 

13. 850 

fects :  Failed  to  explode  at  16  turns  of  battery, 

1 

5 

0.4 

0.150 

57.35 

14,862 

went  at  20  turns ;  bubbling  appeared  6  seconds 

« 

0.4 

0.137 

4&18 

12,851 

after  explosion. 

7 

a4 

0.071 

1.12 

1,078 

» 

8 

(K'4 

0.066 

1.08 

1,018 

214 

Explosive,  dynamite  No.  1,  made  on  spot;  ring. 

1 

0.4 

d.207 

85.10 

19,885 

4  foot;    charge,  4  pounds;   submergence,  86 

2 

0.4 

0.100 

74.80 

17,606 

feet ;  depth  of  water,  110  feet ;  case,  can  No.  2 ; 

8 

0.4 

0.105 

77.22 

18,120 

ignition,  Smithlibattery,  2  Mowbray  fuses.  Ef- 

4 

0.4 

0.206 

84.47 

19,240. 

, 

fects:  Bubbling  in  4  seconds  after  explosion. 

1 

5 

a4 

0.1B6 

70L05 

17.988 

- 

« 

0.4 

0.200 

8a  46 

18,626 

8 

.      7 

0.4 

0.180 

2.66 

1,866 

4 

3 

8 

0.4 

0.068 

1.88 

1,289 

2L5 

Explosive,  nitro-glyoerine  (Chester's);  ring,  4 

1 

1 

0.4 

a  120 

8a  06 

11,305 

, 

foot ;  charge,  4  pounds;  submergence,  86  feet; 

1 

2 

a4 

0.150 

52.64 

14,040 

depth  of  water,  100  feet;  case,  can  No.  2,  open; 

1 

8 

0.4 

0.167 

61.60 

16,669 

« 

ignition.   Smith's  battery,  2  Mowbray  fuses. 

1 

4 

0.4 

0.187 

72.63 

17,898 

• 

Effects:  NormaL    ' 

1 

5 

a4 

a  174 

65.26 

16,199 

• 

• 

1 

« 

0.4 

a  150 

68.64 

14,040    1 

3 

7 

0.4 

0.130 

2.55 

l.«»    1 

V 

8 

8 

0.4 

ao65 

L43 

1,268 

216 

Explosive,  dynamite  No.  1,  made  on  spot;  ring,  4 

1 

• 

• 

1 

0.4 

a278 

138.60 

26.802 

foot;  charge,  5  pounds;  submergence,  85  feet; 

.    1 

2 

0.4 

0.208 

82.48 

18,987 

depth  of  water,  100  feet;  case,  can  No.  2 ;  igni- 

1 

3 

0.4 

0.247 

114.20 

23,581 

tion.  Smith's  battery,  2  Mowbray  ftises.     Ef- 

1 

4 

0.4 

a257 

122.10 

24,600 

fects :  Dome  2  feet  high  rose  in  4  seconds  after 

1 

5 

0.4 

0.284 

104.40 

22,150 

explosion. 

1. 

« 

0.4 

0.242 

U0.40 

22,896 

217 

Fbed  in  the  Crate.— See  Appendix  B. 

3 

7 

0.4 

a  102 

L81 

1,486    ; 

1 

8 

8 

0.4 

0.188 

2.77 

1,971 

218  1  Fired  in  the  Crate.— See  Appendix  B. 

1 

• 

• 
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Details  of  experimewts  m(k  the  Rings — Oontmned. 


• 

i 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

1 

DetelLi  of  experiment. 

Remarks. 

1 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

No. 

JneAM. 

In6k€§. 

Foot4b9, 

Lb9. 

219 

BxpkMlTe,  nltio-glyoeiine  (Chester's) ;  ring,  3  foot ; 

1 

0.4 

0.170 

63.10 

15,887 

otaarge,  U  pounds ;  snbmergenoe,  85  feet;  depth 

2 

0.4 

0.1<»5 

60.48 

15,390 

of  water,  110  feet;  cnse,  ftue  can,  open;  igni- 

3 

0.4 

4).  140 

47.52 

K1,U8 

tion,  Smith's  battery,  2  ICowbray  fases.    £f- 

4 

0.4 

0.151 

58.14 

14,128 

feeta:  Normal. 

5 

a4 

0.116 

86.27 

10,947 

6 

0.4 

0.148 

51.08 

18,859 

8 

7 

0.4 

0.042 

0.57 

683 

8 

8 

0.4 

0.056 

0.82 

874 

• 

sao 

BxplosiTe,  nitro>glyoerine  (Chester's) ;  ring,  8  foot ; 

1 

a4 

a  102 

80.42 

9,728 

eharge,  1  pound;  snbmergenoe,  35  feet;  depth 

2 

0.4 

0.110 

38.62 

10,412 

of  water,  ItO  feet;  ease,  gloss  bottle,  open;  ig. 

« 

3 

0.4 

0.110 

33.62 

10,412 

nition,  Smith's  battery,  2  Kowbray  ftues.    Ef- 

4 

0.4 

0.106 

82.01 

10,076 

fects:  Broke  new  suspension  strap. 

5 

0.4 

0.081 

22.31 

7,918 

6 

0.4 

0.128 

41.70 

12,018 

8 

7 

0.4 

0.025 

0.20 

436 

3 

8 

0.4 

0.082 

0.89 

529 

221 

BzplosiTS,  nitro-glyoerfaie  (Chester's) ;  ring,  8  fbot ; 

, 

1 

0.4 

0.118 

84.94 

10,679 

charge,  2  pounds;  submergence,  85  feet;  depth 

^ 

2 

0.4 

a  126 

40.85 

11,853 

of  water,  110  feet;  case,  glass  bottle;  ignition, 

8 

0.4 

0.118 

87.16 

11. 126. 

Smith's  battery,  2  Kowliray  flues.     Effects: 

4 

0.4 

0.138 

46.50 

12,939 

Konnal;  charge  rather  low  in  ring. 

1    ;     5 

0.4 

0.148 

5L03 

13,859 

6 

0.4 

0.150 

52.64 

14,040 

8 

7 

0.4 

0.088 

L88 

1,289 

3 

8 

•0.4   . 

0.051 

0.73 

808 

222 

• 

ExphMlve,  nitio-giyoerine  (Chester's) :  ring,8  foot ; 

1 

.       1 

0.4 

0.225 

97.75 

21, 210 

• 

charge,  8 pounds;  submergence,  85  feet;  depth 

1 

2 

0.4 

0.187 

72.63 

17,898 

■ 

of  water,  110  feet;  case,  gisss  bottle;  ignition, 

1 

8 

0.4 

0.194 

7&64 

18,029 

Smith's  battery,  2  Mowbray  fuses.    Effects:  I         ] 

4 

0.4 

0.106 

77.87 

18,221 

Broke  lowering  rope.                                           i        i 

5 

0.4 

0.152 

63.64 

14,216 

.:     1 

6 

0.4 

0.150 

57.85 

14,862 

8 

7 

0.4 

0.122 

2.82 

1,750 

8 

8 

0.4 

a065 

1.01 

1,006 

ft 

228 

BxploaiTe,  musket  pofrder;  ring,  4  foot;  charge, 

1 

1 

0.4 

a082 

8.38 

.    4,121 

• 

loo  pounds;   submergence,  35  feet;   depth  of  •         1 

2 

0.4 

0.077 

7.70 

3,986 

• 

wateri 70  feet;  case,  24-gaUon keg  diaphragmed,  ■         1 

3 

a4 

a099 

10.76 

4.871 

air  space  down ;   ignition.  Smith's  battery,  2  !        1 

* 

a4 

0.092 

0.73 

4,664 

« 

Browne  Ko.  4  glycerine  fuses.    Effects: '  Kor- 

1                 5 

0.4 

0.088 

9.17 

4,877 

mal. 

1 

6 

0.4 

0.178 

24.95 

8,532 

8 

7 

6.4 

a082 

0.019 

68 

3 

8 

0.4 

0.038 

0.028 

81 

224 

ExpIooiTe,  dynamite  Kal,  loose;   ring,  4  foot; 

1 

0.4 

a245 

112.70 

28,825 

charge,  5 pounds;  submergence,  85  feet;  depth 

2 

0.4 

0.260 

124.60 

24,030 

, 

of  water,  70  feet;   case,  can  No.  2,  saw-dust 

3 

0.4 

0.225 

97.75 

21, 210 

1 

tamping;   ignition,  Smith's  battery,  1  Browne 

4 

0.4 

0.242 

110.40 

22,806 

1 

1 

Ko.  4,  glycerine  flise.    Effects:  HormaL 

5 

0.4 

0.236 

105.80 

22,300 

6 

0.4 

0.225 

97.75 

21,210 

225 

Fired  in  the  Crate.— See  Appendix  B. 

3 

7 

0.4 

0.067 

1.05 

1,030 

22S 

Xlxed  in  the  Crate.— See  Appendix  B. 

3 

8 

0.4 

0.033 

0.40 

540 
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\i 

Details  of  experiment. 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

Beourks. 

1 

Kind. 

Komber. 

Diameter. 

Shorten- 

Bnergy. 

Pressure. 

o 

ing. 

1 

1       ^0. 

Inchsi. 

Intkei. 

Foot4bi. 

LU 

227 

ExploftiTe,  gnn-cotton;  ring,  4  foot;   charge,  1 

1 

1 

0.4 

0.064 

16.42 

6,458 

pound ;  sabmergence,  35  feet ;  depth  of  water,  i         1 

2 

0.4 

0.068 

17.74 

6,707 

04  feet ;  caee,  can  Ko.  1,  aawdnst  tamped  ;  igni-  >         1 

8 

0.4 

0.058 

14.40 

6,088 

tion.  Smith's  battery,  1  Abel  fuse.    Effects:  i         1 

4 

a4 

0.047 

11.08 

4,052 

Kormal. 

1 

5 

0.4 

0.050 

14.82 

6,028 

• 

1 

6 

0.4 

0.070 

1&42 

6.871 

8 

7 

0.4 

0.017 

0.10 

325 

• 

- 

« 

8 

0.4 

0.028 

0.26 

404 

228 

1 
Bxplosiye,  gon-eotton;  ring,  4  foot;  charge,  2  '         1 

1 

0.4 

0.112 

84.60 

10.600 

1 

« 

pounds;  submergence,  85  feet;  depth  of  water, 

2 

0.4 

0.150 

52.64 

14.040 

04  feet ;  case,  can  Na  1,  sawdust  tamping ;  igni- 

8 

0.4 

0.115 

35.82 

10.857 

tion.  Smith's  battery,  I  Abel  fuse.     Effects: 

4 

0.4 

0.135 

45.20 

12,677 

Normal. 

5 

0.4 

0.117 

86.71    i 

11,086 

6 

0.4 

0.114 

35.38 

10,768 

• 

8 

7 

0.4 

0.060 

0.80 

025 

• 

8 

8 

0.4 

0.042 

0.57 

683 

220 

Exploeiye,  gun-cotton;   ring,  4  foot;   charge,  3 

1 

1 

0.4 

0.157 

66.25 

14.671 

pounds ;  submergence,  86  feet ;  depth  of  water,  '         1 

2 

0.4 

0.205 

83.84 

10,146 

04  feet ;  case,  can  Ko.  2,  sawdust  tamping ;  igni- 

1 

8 

0.4 

0.146 

60.42 

13.678 

tion,  Smith's  battery,  1  Abel  fuse.    Effects: 

1 

4 

0.4 

0.166 

60.43 

15,300 

Kormal. 

1 

5 

0.4 

0.136 

45.66 

12,764 

1 

6 

0.4 

0.153 

54.15 

m 

14,804 

8 

7 

a4 

0.035 

0.44 

578 

« 

8 

8 

0.4 

0.044 

0.60 

718 

230 

Explosive,  gun-cotten;  ring,  4  foot;   charge,  4 

1 

.    1 

0.4 

• 

0.202 

8L81 

18.833 

pounds ;  submergence,  85  feet ;  depth  of  water,           1 

2 

0.4 

0.225 

07.75 

21.210 

04  feet ;  case,  can  Ko.  2,  sawdust  tamping ;  igni-  |         1 

3 

0.4 

0.172 

64.18 

16^018 

tion.  Smith's  battery,  1   Abel  fuze.    Effects : 

1 

.4     . 

0.4 

0.162 

58.01 

15,130 

. 

KormaL 

1 

5 

0.4 

0.160 

57.00 

14.057 

Two  fiftilnres  followed  from  bad  (Abel)  fhses. 

1 

6 

0.4 

0.167 

61.50 

15.560 

• 

8 

7 

0.4 

0.080 

1.31 

1.106 

3 

8 

0.4 

0.050 

.0.71 

•     706 

281 

BxploeiTO,  dualin,  compacted ;  ring,  4  foot ;  charge,  '         1 

1 

0.4 

0.172 

64.18 

16,018 

* 

3  pounds ;  submergence,  85  feet ;  depth  of  water,            1 

2 

0.4 

0.225 

07.75 

21,210 

04  feet;  case,  can  Ko.  1,  sawdust  tamping ;  igni- 

1                3 

0.4 

0.200 

80.46 

18,625 

tion.  Smith's  battery,  «1  Browne  Ko.  4  fuze. 

1                 4 

0.4 

0.175 

6&80 

16,200 

Effects:  KormaL 

1        '          5 

0.4 

0.150 

57.35 

14,862 

1            e 

0.4 

0.178 

67.52 

16,570 

8 

7 

a4 

0.027 

0.31 

461 

8 

8 

0.4 

0.053 

0.76 

834 

1 

232 

ExplosiTe,  dualin^compacted ;  ring,  4  foot ;  charge, 

1                 1 

0.4 

0.121 

3a  52 

11.386 

1  pound ;  submergence,  35  feet ;  depth  of  water,            1                2 

0.4 

0.004 

27.07 

0,000 

88  feet;  case,  fuze  can,  full ;  ignition,  Smith's           1                3 

0.4 

0.088 

24.82 

8.502 

battery,  1  Browne  Ko.  4  fuze.   Effects :  Kormal.           1 

4 

0.4 

0.076 

20.46 

7,473 

5 

0.4 

0.074 

18.75 

7.300 

<         1                6 

0.4 

0.083 

23.00 

8.080 

3                 7 

0.4 

0.018 

0.10 

335 

3                 8 

1 

0.4 

0.033 

0.40 

646 
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Details  of  experiments  with  the  Rings — Gontinaed. 


• 

1, 

• 

Detaila  of  ezpeTiment 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

T> «_ 

li 

Bemarks. 

«3  ^^^ 

* 

Kind. 

Number. 

1 

Diameter. 

\ 

Shorten- 
ing. 

Energy. 

Pressure. 

No. 

Inches, 

Inehes. 

Foot4b». 

L&9. 

283 

ExploRiTe,  doAliDfOompacted ;  ring,  4  foot ;  charge, 

*    ^ 

1 

0.4 

0.140 

47.52 

18,113 

2  pounds;  rabmergenoe.  35  feet ;  depth  of  water. 

2 

0.4 

0.172 

64.18 

16,018 

i 

88  feet ;  case,  can  Ko.  1,  aawdnat  tamped ;  igni- 

3 

0.4 

0.126 

40.85 

11,858 

1 

tion,  Smith's  battery,  1  Browne  Ko.  4  ftise. 

4 

0.4 

0.155 

55.15 

14,480 

Effects:  NomuJ.) 

5 

0.4 

0.124 

39.05 

11,677 

6 

0.4 

0.113 

34.04 

10,679 

3 

7 

0.4 

0.002 

1.57 

1,351 

3 

8 

0.4 

0.045 

0.62 

727 

284 

ExplosiTe, dnalin.rompaeted ; ring,  4  foot;  chsrge, 

1 

0.4 

a  178 

68.10 

16,664 

8  ponnds ;  submergence,  35  feet ;  depth  of  water. 

2 

0.4 

0.187 

72.63 

17,396 

88  feet;  case,  can  No.  1,  full;  ignition,  Smith's 

3 

0.4 

0.183 

70.38 

17,035 

• 

battery,  1  Browne  Ho.  4  fuse.    Bifects :  Broke 

4 

0.4 

0.173 

64.72 

16,100 

a  gib  to  suspension  stmp. 

5 

0.4 

0.142 

48.56 

13,308 

6 

0.4 

0.160 

57.90 

14.057 

8 

7 

0.4 

.  0.083 

1.60 

1,866 

3 

8 

0.4 

0.057 

0.84 

887 

285 

Exploeiye,  0.  P.  Co.  compound;  ring,  4  foot; 

1 

0.4 

ao6o 

15il5 

6,119 

oliarge,  5  pounds ;  submergence,  35  feet ;  depth 

2 

0.4 

0.060 

15.15 

6,119 

of  water,  88  feet;  case,  can  No.  2,  sawdust 

3 

0.4 

0.044 

10.18 

4,692 

tamped ;  ignition.  Smith's  battery,  2  Browne  No. 

4 

0.4 

0.U32 

6.88 

3,617 

1 

4  ftises.    Effects :  Compound  had  been  on  hand 

5 

0.4 

a034 

7.41 

8,803 

1 

a  year;  it  was  dork  and  corered  with  mould ; 

6 

0.4 

0.032 

9,98 

3.617 

no  jet  or  dome,  only  a  boiling  of  water. 

3 

7 

0.4 

0.033 

0.25 

546 

3 

8 

0.4 

0.032 

0.24 

529 

1 

{    236 

ExplosiTe,  dnalin,oompacted ;  ring,  4  foot ;  charge, 

1 

1 

0.4 

0.242 

• 
110.40 

22,898 

1 

4  ponnds ;  submergence,  35  feet ;  ^epth  of  water, 

1 

2 

0.4 

0.182 

69.81 

16,942 

• 
0 

88  feet ;  cose,  can  No.  2,  aawdust  tamped ;  igni- 

1 

3 

0.4 

0.212 

.     88.42 

19,632 

tion,  Smith's  battery,   1  Browne  No.  4  ftize. 

1 

•       4 

0.4 

0.190 

74.30 

17.665 

1 

Effects :  Suspension  strap  showed  signs  of  yield- 

1 

5 

0.4 

0.207 

85.10 

19,335 

1 

ing. 

1 

6 

0.4 

0.203 

82.48 

18,087 

1 

3 

7 

0.4 

0.073 

1.16 

1,108 

8 

8 

•  0.4 

0.105 

1.88 

1,522 

237 

Ezploeire,  nitro-glycerine  (Chester's) ;  ring,4foot ; 

1 

1 

0.4 

0.081 

22.31 

7,018 

charge,  8  pounds;  sabraergence,  35  feet;  depth 

1 

2 

0.4 

0.108 

DefectiTe  lead. 

of  water,  90  feet;  cose,  can  No.  1,  open ;  igni- 

1 

3 

0.4 

0.057 

14.16 

5,847 

tion.  Smith's  battery,  2Mowbray  fuzes.   Effects : 

1 

4 

0.4 

0.044 

10.18 

4,602 

r 

Fuzes  ftdled  at  20  turns  of  the  battery  and  ex- 

1 

5 

0.4 

0.068 

17.74 

6,797 

ploded  at  25  turns,  giving  a  2.inoh  spark ;  the 

1 

6 

0.4 

0.064 

16.42 

6,453 

explosiTe  had  been  on  hand  for  50  days  and  had 

3 

7 

0.4 

0.075 

1.20 

1,129 

deteriorated,  showing  acid. 

8 

8 

0.4 

0.035 

0.44 

578 

238 

Explosive,  nitro-glycerine  (Chester's) ;  ring,4foot; 

1 

1 

0.4 

0.063 

16.10 

.    6,870 

charge,  8|t  pounds ;  submergence,  35  feet ;  depth 

1 

2 

0.4 

0.096 

Oblique  lead. 

of  water,  30  feet ;  case,  can  Na  2,  open ;  ignition, 

1 

3 

0.4 

0.057 

14.16 

5^847 

Smith's  battery,  1  Mowbray  and  1  Browne  No. 

1 

4 

0.4 

0.071 

1&75 

7,053 

4  fuze.    Effects :  Two  Mowbray  fuzes  bad  failed 

1 

5 

0.4 

0.065 

16.73 

6,587 

to  explode ;  this  charge  did  not  equal  normal 

1 

6 

0.4 

0.066 

17.07 

6,624 

effect  by  reason  of  bod  quality  of  the  nitro-gly- 

8 

7 

0.4 

0.043 

0.58 

608 

cerine. 

3 

8 

0.4 

0.023 

0.26 

404 
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Details  of  experiment. 

Oange. 

Lead  cylinder. 

Per  square  inch. 

1 

BcBsrts. 

a  J 

•9  •*• 

Kind. 

Kumber. 

Diameter. 

Shorten- 
ing. 

Energy. 

Preasnre. 

No, 

Indut. 

Indut. 

Foot-lbt. 

JUft. 

' 

239 

Bxplosire,  dnaliD,  compacted ;  ring,  4  foot ;  obarKO, 

1 

0.4 

0.204 

83.16 

19,041 

1 

3  pounds ;  sabmergenoe,  6  feet ;  depth  of  water, 

2 

0.4 

a  194 

76i64 

18,029 

17  feet;  case,  can  Ko  1;  ignition,  Smith's  bat- 

* 

»        8 

0.4 

0.202 

81.81 

18,838 

1 

tery,  1  Browne  Ko.  4  ftise.    Effects:  Ring  hnng 

4 

a4 

0.2S9 

Double  pin  Bsrfc. 

from  crane  on  wharf;  Jet  80  feet  high. 

5 

0.4 

0.210 

87.00 

19,620 

• 

6 

0.4 

0.254 

Lengthened  mrk.! 

1 

240 

Kxplosive,  dnalin,  compacted ;  ring,  4  foot ;  charge, 

1 

0.4 

0.207 

8&10 

19,335 

8  pounds ;  submergence,  6  feet;  depth  of  water. 

2 

0.4 

0.217 

02.01 

20.368 

17  feet;  case,  can  No.  1;  ignition,  Smith's  batr 

8 

0.4 

p.  108 

79.16 

18,423 

tery,  1  Browne  Ko.  4  ftise.   Sifects:  Fired  from 

4 

0.4 

0.174 

65.26 

16.199 

wharf;  normal. 

5 

0.4 

0.132 

43.62 

12,381 

6 

0.4 

0.;i70 

63.10 

15^887 

1 

241 

Explosire,  dnalin,  compacted ;  ring,  4 foot;  charge, 

1 

as 

0.243 

70.16 

17,002 

■ 

8  pounds;  submergence,  6  feet;  depth  of  watM*, 

2 

0.3 

0.277 

87.60 

19,713 

17  feet;  case,  can  Ko.  1;  ignition,  Smith's  bat- 

8 

0.8 

0.222 

60.28 

15,367 

' 

tery,  1  Browne  Ko.  4  fuse.    Effects:  Fired  frvm 

4 

0.3 

0.275 

86.48 

19.545 

wharf;  normal. 

6 

0.8 

0.231 

64.24 

16.082 

# 

6 

0.8 

0.234 

65.77 

16,285 

242 

Explosiye,  dualin,  compacted ;  ring,  4  foot ;  charge. 

1 

0.75 

0.465 

86.96 

19,630 

1 

3  pounds;  submergence,  6  feet;  depth  of  water, 

2 

0.75 

DefectiTBleid. 

17  feet;  case,  can  Ko.  1;  ignition,  Smith's  bat- 

8 

0.75 

0.467 

87.66 

19,720 

tery,  1  Browne  Ko.  4  fuse.    Effects:  Fired  frvm 

4 

a  75 

0.600 

13&50 

28,755 

wharf;  normal. 

5 

0.75 

0.866 

5&43 

14,728 

' 

• 

<L 

0.75 

a  481 

02.58 

20,444 

243 

• 
ExplpsiTe,  dualin,  compacted ;  ring,  4  foot ;  charge, 

2 

1 

0.75 

0.202 

60.95 

15,858 

3  pounds;  submergence,  6  feet;  depth  of  water. 

2 

2 

0.75 

0.194 

56.71 

14,750 

15  feet;  case,  can  Ko.  1;  ignition,  Smith's  bat- 

2 

8 

0.75 

0.301 

59.84 

15,289 

tery,  1  iBrowne  Ko.  4  Aue.    Effects:  Fired  from 

2 

•  4 

0.75 

0.203 

60.66 

15,427 

wharf;  normal. 

2 

5 

0.75 

0.166 

45.67 

12,746 

« 

2 

6 

0.75 

0.182 

32.68 

10,216 

244 

Ezplosiye,  dualin,  compacted ;  ring,  4  foot ;  charge, 

2 

1 

0.75 

a  182 

5L67 

13,867 

8  pounds;  submergence,  6  feet;  depth  of  water, 

2 

2 

0.75 

0.220 

67.70 

16,600 

16  feet;  case,  can  Ko.  1;  ignition,. Smith's  bat- 

2 

3 

0.75 

0.282 

73.02 

17.460 

tery,  1  Browne  Ko.  4  ftize.    Effects:  Fired  firom 

2 

4 

0.75 

0.246 

79.64 

18,480 

wharf;  normal. 

2 

5 

0.75 

0.321 

U&OO 

24,165 

2 

6 

0.75 

0.201 

50l84 

15,289 

245 

EzplosiTe, dualin,  compacted;  ring, 4 foot;  charge, 

1 

0.6 

a365 

73.33 

17.027 

1 
1 

3  pounds;  submergence,  6  feet;  depth  of  water. 

2 

0.6 

0.480 

113.00 

23.360 

' 

17  feet;  case,  can  Ko.  1,  sawdust  tamping;  igni- 

8 

0.6 

0.850 

71.50 

17.237 

1 

1 

tion.  Smith's  battery,  1  Browne  Ko.  4  fuse. 

4 

0.6 

0.364 

73.02 

17,474 

Effects:  Kormal;  fired  from  wharf. 

5 

0.6     . 

0.255 

42.30 

12,137 

1 

. 

6 

0.6 

0.274 

47.00 

13,015 

240 

ExplosiTe,  dualin,  compacted ;  ring,  4  foot;  charge. 

*2 

1 

0.6 

0.388 

8a  51 

18,138 

8  pounds;  submergence,  6  feet;  depth  of  water, 

2 

2 

0.6 

a  351 

6a  01 

16.817 

16  feet;  CMe,  can  Ko.  1,  sawdust  tamping;  igni- 

2 

8 

a6 

0.387 

8a  19 

18,090 

tion.  Smith's  battery,  1  Browne  Ko.  4  ftise. 

2 

4 

0.6 

0.414 

89.42 

20.022 

Elfects:  Kormal;  fired  from  wharf. 

2 

5 

0.6     ' 

0.324 

60.82 

15^455 

. 

2 

6 

0.6 

0.296 

&.91 

14,084 
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DetaUt  of  experimeatt  teitk  the  Bing» — Gontinaed. 


Original  nutn- 
bor. 

Details  of  experiment. 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

Bemarks. 

_ .   _       —         _         .        

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

No. 

Inehei. 

Ifuhea. 

Foot-Uu. 

Lb9, 

247 

ExploeiTe,  dnalin,  compacted ;  ting,  4 foot;  charge, 

2 

1 

0.5 

0.508 

72.58 

17,390 

3  pounds;  sobmergenoe,  6  feet;  depth  of  water, 

2 

2 

0.5 

0.619 

107.50 

22,600 

16  feet;  case,  can  No.  1,  sawdnst  tamping;  igni- 

2 

3 

0.5 

0.464 

62.34    ^ 

15.723 

t 

tion,  Smith's  battery.  1  Browne  Ko.  4  Aize. 

2 

4 

0.5 

0.585 

96.83 

21,075 

Eflfects:  Normal;  flred  from  wharf. 

2 

6 

0.5 

a423 

52.86 

14,075 

2 

6 

0.5 

0.401 

6a  58 

16, 7M 

248 

ExploeiTe,  dnalin,  compacted;  ring,  4 foot;  charge, 

2 

1 

0.5 

a  463 

62.11 

15,675 

3  pounds;  sabmorgenoe,  6  feet;  depth  of  water, 

2 

2 

0.5 

0.515 

74.48 

17,688 

16  feet;  case,  can  Ko.  1,  sawdnst  tamping;  igni- 

2 

8 

0.5 

0.573 

9L14 

20,240 

tion,  Smith's  battery,  1   Browne   No.  4  fuse. 

2 

4 

0.5 

0.482 

66.43 

16.397 

Effects:  Normal;  flred  from  wliarf. 

2 

5 

0.5 

0.474 

64.60 

16.070 

1 

2 

5 

0.5 

0.840 

88.13 

11.321 

'    249 

Explosive, dualio, compacted;  ring,  4 foot;  charge. 

1 

0.75 

0.064 

8L0O 

18,705 

. 

3  pounds;  submergence,  0  feet;  depth  of  water. 

2 

0.75 

0.050 

72.33 

17,347 

, 

16  feet;  case,  can  No.  1,  sawdust  tamping;  igni- 

8 

0.75 

0.077 

102.32 

21,857 

tion.  Smith's  battery,  1  Browne  No.  4  fuse. 

4 

0.76 

aoeo 

117.40 

23,961 

Effects:  Normal;  flred  fttmi  wharf. 

m 

5 

0.75 

0.047 

53.62 

14,192 

1 

6 

0.75 

0.082 

110. 70 

23,035 

250 

ExploeiTe,  dnalin,  compacted;  ring,  4  foot;  charge. 

1 

0.75 

0.084 

114.10 

28,505 

3  pounds;  submergence,  6  feet;  depth  of  water, 

1                 2 

0.75 

0.051 

59.53 

15.209 

16  feet;  case,  can  No.  1,  sawdast  tamping;  igni- 

1                8 

0.75 

0.002 

Two  pin  marks. 

tion.  Smith's  batter}',  1   Browne  No.  4  ftise. 

1                 4 

0.75 

0.100 

•  «  •     * 

Lengthened  pin 

Effects:  Normal;  flred  from  wharf. 

5 

0.75 

0.051 

59.53 

15,209 

mark. 

1. 

6 

0.75 

0.075 

99,00 

21,386 

1    251 

ExploeiTe,  dualln,  compacted;  ring,  4 foot;  charge, 

1 

0.6 

0.004 

63.29 

15,834 

3  pounds,  submergence,  6  feet;  depth  of  water, 

2 

0.6 

0.097 

40.28 

11,728 

16  feet;  case,  can  No.  1,  sawdust  tamping;  igni- 

8 

0.6 

0.100 

68.73 

16,770 

1 

tion,  Smith's  battery,  1  Browne  No.  4  fuse. 

4 

0.6 

0.122 

80.88 

20,050 

Effects:  Normal;  flred  ftvm  wharf. 

5 

0.6 

0.083 

53.51 

14,189 

• 

6 

0.6 

0.090 

59.51 

15,237 

252 

Explosive,  dnalin,  compacted;  ring,  4 foot;  charge, 

1 

0.6 

0.092 

60.90 

15.535 

• 

1 

3  pounds;  submergence.  6  feet;  depth  of  water, 

2 

0.6 

0.118 

85.82 

19,437 

15  feet;  case,  can  No.  1,  sawdust  tamping;  igni- 

8 

0.6 

0.118 

85.82 

19,437 

' 

tion,  Smith's  battery,  1  Bronne  No.  4  ftise. 

4 

0.6 

0.120 

87.80 

19,740 

Effects:  Normal;  flred  from  wharf. 

6 

0.6 

0.080 

50.91 

13,727 

.     1 

•       1 

0.6 

0.084 

54.38 

14.343 

253 

Explosive,  nitro-glycerine  (Chester's) ;  ring,  4  foot,            1 

1 

0.4 

.....     1 

charge,  2/^  pounds;  submergence,  6  feet;  depth 

1 

2 

0.4 

of  water,  13  feet ;  case,  can  No.  1 ,  open ;  ignition, 

1 

3 

0.4 

Smith's  battery,  1  Browne  No.  4  dualln  frize.            1 

4 

0.4 

Effects:  Fuse  burst  open  can,  but  failed  to  ex- 

1 

5 

0.4 

plode  the  nitro-glycerine,  which  had  deteriorated 

1 

6 

0.4 

...  . 

since  its  receipt  two  months  before. 

254 

Explosive,  nitro-glycerine  (Chester's) ;  ring,  4  foot ;  *         1 

1 

0.4 

0.054 

13.21 

5.576 

. 

charge,  2^  pounds;  submergence,  6  feet;  depth 

2 

0.4 

0.042 

a64 

4,524 

of  WHter,  13  feet;  case,  can  No.  1,  open ;  ignition, 

3 

0.4 

0.080 

21.96 

7.836 

Smith's  battery,    1    Mowbray   fhse.    Effects: 

4 

0.4 

0.053 

12.91 

5,486 

1 

Unusually  little.    Fired  from  wharf. 

5 

0.4 

0.120 

38.06 

11,305 

1 

* 

6 

0.4 

0.089 

25.19 

8,588 

1 
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266 


256 


I    267 


2W 


260 


261 


ExploaSre,  dynamite  Xo.  1 ;  ring.  4  foot ;  obftrge, 
1  pound ;  snbmergenoe,  86  feet ;  depth  of  water, 
80  feet;  case,  face  can;  ignition,  Smith's  bat- 
tery, 1  Browne  No.  4  fttze.  Effects :  Normal. 
This  charge  consisted  of  9  ounces  made  at 
Willets  Point,  with  extra  per  cent,  of  nitro- 
glycerine, and  7  ounces  made  in  Califoniia. 


Explosive,  dualin,  oompscted ;  ring,  4  foot ; 
charge,  5  ponnds ;  submergence,  85  feet :  depth 
of  water,  80  feet;  ease,  can  No.  2,  sawdust 
temped;  ignition,  Smith's  battery.  1  Browne 
No.  4  fuse.  Effects :  Lowering  rope  parted  by 
explosion,  letting  ring  down. 


Explosive,  gun-cotton;  ring,  4  foot;  charge,  5 
pounds;  submcorgence,  86  feet;  depth  of  water, 
80  feet;  case,  can  No.  2,  sawdust  tamping; 
ignition,  Smith's  battery,  1  Browne  No.  4  dualin 
Aise.  Effects:  Third  trial,  two  Abel  gun-cot- 
ton ftites  baring  ihiled  in  succession .  Explosion 
broke  moorlng-rope  and  let  ring  down. 


I 


Exploeive,  dualin,  compacted;  ring,  4  foot; 
charge,  8  pounds ;  submergence,  6  feet ;  depth 
of  water,  16  feet;  case,  can  No.  1,  sawdust 
tamping;  ignition,  Smith's  battery,  1  Browne 
No.  4  fuse.  Effects:  No^al ;  fired  from  wharf; 
charge  a  litie  damp. 


ExploalTe,  dualin,  compacted;  ring,  4  foot; 
charge,  3  pounds ;  submergence,  6  feet ;  depth 
of  water,  16  feet;  case,  can  No.  1,  sawdust 
tamped;  ignition.  Smith's  battery,  1  Browne 
No.  4  Aue.  Effects:  Buffer  broke,  which  let 
ring  down. 

Explosive,  dualin,  compacted;  ring,  4  foot; 
charge,  8  pounds ;  submergence,  0  feet ;  depth 
of  water,  16  feet;  case,  can  No.  1,  sawdust 
tamping ;  ignition.  Smith's  battery,  1  Browne 
No.  4  fuse.  Effects :  Loud  roport ;  Jet  150  feet 
high ;  fhigments  of  tin  can  indented  the  ring ; 
fired  from  wharf ;  suspended  by  crane. 

ExploalTe,  dualin,  compacted;  ring,  4  foot; 
charge,  8  ponnds ;  submergence,  6  feet ;  depth 
of  water,  15  feet;  case,  can  No.  1,  sawdust 
tamping ;  ignition,  Smith's  battery,  1  Browne 
No.  4  fuse.    Eflbcts:  Normal;  fired  from  wharf . 


Gauge. 


Lead  cylinder. 


Kind.    ■  Number 


. 'Biam 

I 


eter. 


Shorien- 


Per  square  inch. 


Ho. 


3 
3 


3 
3 


1 
2 
8 
4 
5 
6 
7 
8 


1 
2 
3 

4 
5 
6 
7 
8 

1 
2 
8 
4 

5 
6 

7 
8 


1 
2 
8 

4 
5 
6 


1 
2 
8 

4 
5 


1 
2 
3 

4 
5 
6 


I  Inehet. 

<  0.4 

'  0.4 
0.4 

<  0.4 
0.4 
0.4 
0.4 

a4 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 

a8 

0.8 
0.8 
0.8 
0.8 


1    tog. 

— "~"O.F" 

InehM. 

FooUWg. 

i      0.186 

71.52 

'      a  132 

43.62 

0.061 

22.81 

0.002 

26.32 

0.063 

I&IO 

,      0.074 

19.75 

0.039 

0.51 

0.033 

0.40 

a2S0 

128.80 

Energy.    Pressure. 


0.230 
0.230 
0.252 
0.160 
0.176 
0.106 
0.090 

0.245 
0.209 
0.232 
a  181 
0.166 
0.170 
0.094 
0.062 


0.241 
0.231 
a280 
0.268 
0.235 


6 

0.3 

0.275 

I 

0.3 

0.145 

2 

0.8 

0.045 

3 

0.3 

0.060 

4 

0.3 

0.094 

5 

0.3 

0.S55 

6 

0.8 

0.107 

1 

0.5 

0.123 

0.5 

0.126 

0.5 

0.163 

0.5 

0.192 

0.5 

0.128 

0.5 

0.158 

112.70 

86.37 

102.90 

69.24 

60.96 

63.10 

1.62 

0.94 


0.138 

46.50 

0.181 

66.24 

0.168 

62.03 

0.172 

64.18 

0.195 

77.22 

0.182 

69.81 

69.19 
«4.24 
89.80 
83.00 
66.28 
8&48 

31.18 
6i40 
13.71 
17.04 
76.14 
38.81 


50.86 
52.65 
77.02 
9&54 
58.83 
73.51 


17,220 

12,381 

7,918 

8,841 

6,370 

7,300 

639 

545 


123.80 

94,820 

101. 40 

21,780 

10L40 

21,780 

It&lO 

24,056 

57.90 

14,957 

66.87 

16.388 

1.91 

1,536 

1.52 

1.321 

21,325 
19. 525 
21,940 
16,850 
15.479 
15,837 
1.380 
957 


12.839 
16.850 
15.658 
16.018 
18.120 
16,942 


16,844 
16^088 
20.041 
19. 018 
16.870 
19.545 


1 

9.902 

3,445 

5,725 

6i615 

17.950 

11.453 

18,716 

14,037 

18,088 

21.816 

14,245 

17,586 

Bemarks. 


In  air. 

Do. 
Surface. 

Do. 
2  feet  down. 

Da 


Lead  dented. 
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Details  of  experiments  with  the  Rings — Continaed. 


282 


263 


205 


2M 


267 


EzplMlve,  dmdio,  oompaoted;  ring,  4  foot; 
cbarge,  3  poands;  submergenoe,  6  feet;  depth 
of  water,  15  feet;  caae,  can  No.  1,  sawdust 
tamping;  ignition,  Smith's  battery,  1  Browne 
No.  4  ftise.   Bffeota:  Konnal ;  flred  from  wharf. 


Gauge. 


Kind. 


No. 


268 


SzplosiTo,  dynamite  Ko.  1,  loose;  ring,  4  foot;  , 
charge,  4  pound;  submergence,  6  feet;  depth  of 
watei,  14  feet;  caae,  fuze  can,  sawdust  tamping ; 
ignition,  Smith's  battery,  1  Browne  No.  4  fuse. 
EfliBOts:  Fired  from  wharf;  Jet  20  to  80  feet 
high. 

Ezploaiye,  dynamite  No.  1,  loose ;  ring,  4  foot ; 
charge,  \  pound;  submergence,  6  feet;  depth 
of  water,  15  feet ;  case,  fuse  can,  sawdust  tamp- 
ing ;  Ignition,  Smith's  battery,  1  Browne  No.  4 
fuse.    Eifects:  Normal ;  flred  tmm  wharf. 


Explosire,  dynamite  No.  1,  loose ;  ring,  4  foot ; 
charge,  |  pound ;  submergence,  6  feet ;  depth 
of  water,  15  feet;  case,  fuse  can,  sawdust  tamp- 
ing ;  ignition,  Smith's  battery,  1  Browne  No.  4 
fttse.    Effects:  Normal;  flred  ftovx  wharf. 


Exploaire,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  |  pound ;  submergence,  6  foot ;  depth 
of  water.  15  feet ;  case,  fuse  csn,  sawdust  tamp- 
ing; ignition.  Smith's  batter>',  1  Browne  No.  4 
fuse.    Effects:  Normal ;  flred  ftom  wharf. 


Exploaire,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  ^  pound;  submergence,  6  feet;  depth 
of  water,  10  feet ;  case,  fuze  can,  sawdust  tamp- 
ing ;  ignition,  Smith's  battery.  1  Browne  No.  4 
Aise.    Effects :  Normal ;  flred  At>m  wharf. 


Exploaire,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  ^  pound;  submergence,  6  foot;  depth 
of  water,  10  ff«t ;  case,  fuse  can,  sawdiist  tunp- 
ing ;  ignition.  Smith's  battery,  1  Browne  No.  4 
fuse.    Effects:  Normal;  flred  ftt>m  wharf. 


ExploaiTe,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  |  pound  ;  aubmergence,  §  feet ;  depth  of 
water,  16  feet;  case,  fuse  can,  sawdust  tamping ; 
ignition.  Smith's  battery,  1  Browne  No.  4  fuse. 
Effects :  Normal ;  flred  ttom  wharf. 


3 
8 
3 
3 
3 
3 


Number. 


1 
2 
8 

4 
6 
6 

1 
2 
3 

4 
5 
6 


1 
2 
8 
4 
6 
6 


1 
2 
8 

4 
6 
6 

1 
2 
8 
4 
5 
6 

1 
2 

3 
4 
6 
6 

1 
2 
3 
4 
5 
6 


Lead  cylinder. 


Diameter. 


Inehts. 
0.5 

0.5 

0.5 

0.5 

0.5 

0.5 


0.5 
0.6 
0.6 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 

a5 

0.5 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 

0.3 
0.8 
0.8 
0.3 

a3 

0.8 

0.8 
0.3 
0.3 
0.3 
0.3 
0.3 


1 

0.75 

2 

0.76 

3 

0.75 

4 

0.75 

6 

0.75 

6 

0.75 

Shorten- 
ing. 


Inehet. 
0.160 

0.143 

0.167 

0.168 

0.0M 


0.035 
0.044 
0.030 
0.i)51 
0.022 
0.026 

0.027 
0LO48 
0.035 
0.044 
0.086 
0.044 

0.084 
0.057 
0.048 
0.063 
0.053 
0.058 

0.046 
0.048 
0.048 
0.055 
0.064 
0.058 

0.075 
0.080 
0.050 
0.087 
0.056 
0.067 

0.067 
0.084 
0.060 
0.068 
0.060 
0.072 

0.117 
0.148 
a  142 
0.154 
0.004 
a  106 


Per  square  inch. 


Energy. 


I 


Foct-lbt. 
74.95 

63.25 

79.80 

80.49 

37.32 


9.88 
13.19 

a24 
15.66 

5.82 

7.01 

7.32 
14.93 

9.88 
13.19 
10.26 
13.19 


7.41 
14.16 
11.39 
I&IO 
12.91 
12.91 


10.76 
11.89 
1L89 

la^o 

1&42 
14.83 

12.52 
13.71 

7.31 
1&31 

9.01 
10.80 

10.80 
14.59 


Pressure. 


Lbt. 
17,765 

15,878 

18.521 

18,629 

11,162 


4,601 
5,577 
4,076 
6.253 
3,228 
3,658 


3,762 
6,058 
4.601 
5,577 
4,716 
5^677 

3,803 
5,847 
5,039 
6,370 
5,486 
5,486 

4,864 
5,039 
5,089 
5.666 
6,453 
6,028 

5,389 
5,725 
3,764 
6,150 
4,325 
4,880 

4,880 
5,967 


Bemarks. 


Lead  defective. 


9.54 

4,495 

11.00 

4,943 

954 

4,495 

11.86 

5,197    1 

1 

10.77 

4.869    i 

I4.77 

6,016 

13.96 

5,702 

I5.O4 

6,249 

8.04 

4,009    , 

9.45 

4,467 
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270 


271 


DetaOfl  of  experiment. 


Explosiye,  dynamite  No.  1,  loose ;  ring,  4  foot ; 
charge,  |  i>onnd ;  8ubmergence,6  feet ;  depth  of 
water,  16  feet ;  case,  fiize  can,  sawdnat  tamping ; 
ignition,  Smith's  battery,  1  Browne  Ko.  4  faze. 
Effects :  Kormal ;  fired  from  wharf. 


Explosive,  dynamite  Ko.  1,  loose;  ring,  4  foot; 
charge,  I ponnd;  submergence,  6 feet;  depth  of 
water,  16 feet;  caae,fuze  can,  sawdust  tamping; 
ignition,  Smith's  battery,  1  Browne  No.  4  fuse. 
Effects :  Normal ;  fired  from  wharf. 


272 


273 


274 


275 


276 


277 


Explosiye,  dynamite'  No.  1,  loose;  ring,  4  foot; 
charge,  |  pound ;  submergence,  6  feet ;  depth  of 
water,  16  feet ;  case,  ftizo  can,  sawdust  tamping; 
ignition,  Smith's  battery,  1  Browne  No.  4  ftise. 
Effects :  Normal ;  fired  from  wharf. 


Explosire, '.dynamite  No.  1,  loose  ;  ring,  4  foot ; 
'      charge,  |  pound ;  submergence,  6  feet ;  depth  of 
water,  15  feet ;  case,  fuse  can,  sawdust  tamping ; 
ignition,  Smith's  battery,  1  Browne  No.  4  fuze. 
Effects :  Normal ;  fired  from  wharf. 


Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  |  pound ;  submergence,  6  feet ;  depth  of 
water,  15 feet;  case,  fuze  can,  sawdust  tamping; 
ignition,  Smith's  battery*  1  Browne  No.  4  fuze. 
Effects:  Normal;  fired  f^om  wharf. 


Explosive,  dynamite  No.  1,  loose ;  ling,  4  foot ; 
charge,  |  pound ;  submergence,  6  feet ;  depth  of 
water,  14  feet ;  case,  fuze  can,  sawdust  tamping ; 
ignition.  Smith's  battery,  1  Browne  No.  4  ftize. 
Effects:  Normal;  fired  from  wharf. 


Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  ^ pound;  submergence,  6  feet;  depth  of 
water,  11  feet ;  case,  fuze  can,  sawdust  tamping ; 
ignition,  Smith's  battery,  1  Browne  No.  4  ftize. 
Effects:  Normal ;  fired  fh>m  wharf. 


Explosive,  dynamite  No.  1,  loose ;  ring,  4  foot ; 
charge,  I  pound ;  submergence,  6  feet;  depth  of 
water,  12  feet ;  case,  fuze  can,  sawdust  tamping ; 
ignition.  Smith's  battery,  1  Browne  No.  4  fuze. 
Effects:  Normal;  fired  fh>m  wharf. 


Gauge. 

Lead  cylinder. 

Per  square  inch. 

Bemirks. 

1 

? 
1 

Kind. 

Nnmber. 

Diameter. 

Shorten- 
ing. 

1 

Energy. 

Pressure. 
Lbt, 

Ko. 

InekeM. 

Inches. 

1 
Foot-Jbt.  • 

3 

1 

0.75 

0.111 

10.05          4,656    ' 

8 

2 

0.75 

0.1M 

14.20          5,861 

3 

3 

0.75 

0.120 

11. 17          4, 981 

8 

4 

0.75 

0.U7 

liD.77    1      4.869 

i 

3 

6 

0.75 

0.087 

7.28 

3.753 

1 

1 

3 

6 

0.75 

0.003 

7. 93          3, 972 

3 

1 

0.6 

0.215 

12.21 

5,250 

3 

2 

0.6 

0.227 

13.83 

5,619 

1 

3 

3 

0.6 

0.105 

10.57          4.814 

3 

4 

0.6 

0.188 

a  SO          4, 511 

3                 5 

0.6 

0.166 

&34          4.110 

8 

6 

0.6 

a  156 

7.04          3,876 

8 

1 

0.6 

0.209 

n.65 

6,136 

3 

2 

0.6 

0.204 

11.30          5.082 

3                 3 

0.6 

0.212 

IL  92          5, 194 

3 

4 

0.6 

0.179 

9.29 

4.416 

3 

5 

0.6 

0.162 

&06 

4,017 

8 

6 

0.6 

0.167 

8.41 

4,133 

8 

1 

0.5 

0.301 

11.64 

5.132 

8                 2 

0.5 

0.863 

15w39 

6,183 

• 

8                 8 

0.5 

0.281 

10.47 

4,783 

1 

3                 4 

0. 5      ;      0. 317 

1 

12.57 

5,403 

3                 5 

0.5 

0.222 

7.32 

3,767 

3 

6 

0.5 

a  214 

&96 

3,636 

1 

3 

1 

0.6 

0.344 

14.18 

5.855 

' 

3                 2 

0.5 

0.335 

13.64 

5,705 

3                 3 

0. 5      ;      0. 273 

10.02          4,648 

3 

4 

0.5 

0.235 

7.96 

3,984 

3 

5 

0.5 

0.293 

11.12 

4,981 

8                 6 

1 

0.5 

0.234 

7.92 

3.969 

3 

1 

0.4 

0.481 

23.11 

8,110 

3                 2 

0.4 

0.420 

17.89 

6,836    [ 

3 

1 

3 

0.4 

0.380 

14.70 

5,996    ' 

1         «                 * 

0.4 

0.332 

11.42 

5,066 

3        ,          5 

0.4 

0.260 

7.48 

3.822 

1          3 

1 

6 

0.4 

0.336 

11.59 

5,118 

3 

1 

0.4 

0.376 

14.42 

5,919 

3 

2 

0.4 

0.360 

13.26 

5,599    1 

3                 3 

0. 4      1      0. 857 

18.06' 

6,643 

3                 4 

0.4      <      0.343 

12.09 

5,265 

3        1          6 

0.4 

0.310 

10.10 

4,670 

3 

6 

0.4 

0.302 

9.67 

4,535    \ 

3                 1 

0.75 

0.153 

15.50 

6,211 

,          3                 2 

0.75    I      0.138 

13.45 

5,651 

3                 8 

0.75 

0.111 

10.05 

4,656 

3 

4 

0.76 

0.123 

11.54 

6,097 

3 

6 

0.75 

0.060 

6.42 

3,082 

3 

6 

0.75 

0.098 

7.93 

8.972 
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Details  of  experimenU  fjcith  the  Rings — Oontinaed. 


o 


278 


279 


Details  of  experiment. 


280 


281 


282 


283 


284 


285 


Ezplonive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  \  poand;  anbmergence,  6  feet;  depth  of 
water,  12  feet;  case,  fuze  can,  sawdust  tamping ; 
ignition,  Smith's  battery,  1  Browne  No.  4  fuze. 
Effects :  Normal ;  flred  fW>m  wharf. 


Gauge. 


BrplodTC,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  \  pound ;  submergence,  6  feet ;  depth  of 
water,  IS  feet;  case,  fuze  can,  sawdust  tamping; 
ignition,  Smith's  battery,  1  Browne  No.  4  fuze. 
Effects :  Normal;  flred  fh>m  wharf. 


Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  \  pound;  submergence,  0  feet;  depth 
of  water,  13  feet ;  case,  fuze  can,  sawdust  tamp- 
ing; ignition,  Smith's  battery,  1  Browne  No.  4 
fuze.    Effects:  Normal;  fired  ftrom  wharf. 


Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
chyge,  \  pound ;  submergence,  6  feet ;  depth  of 
water,  13  feet ;  case,  fuze  can,  sawdust  tamp- 
ing ;  ignition.  Smith's  battery,  1  Browne  No.  4 
ftise.    Effects :  Normal ;  flred  from  wharf. 


Explosiye,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  \  pound;  submergence,  6  feet;  depth 
of  water,  13  feet;  case,  fuze  can,  sawdust  tamp- 
ing ;  ignition.  Smith's  battery,  1  Browne  No.  4 
fuze.    Effects:  Normal;  flred  firom  wharf. 


Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  \  pound;  submergence,  6  feet;  depth 
of  water,  14  feet;  case,  fuze  can,  sawdust  tamp- 
ing; ignition.  Smith's  battery,  1  Browne  No.  4 
fuze.    Effects :  Noimal ;  flred  from  wharf. 


Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  |  pound ;  submergence,  6  feet;  depth  of 
water,  14  feet;  case,  fiize  can,  sawdust tunping; 
ignition.  Smith's  battery,  1  Browne  No.  4  fuze. 
Effects:  Normal ;  flred  from  wharf. 


Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  \  pound ;  submergence,  6  feet ;  depth  of 
water,  14  feet ;  case,  ftize-can,  sawdust  tamping ; 
ignition,  Smith's  battery,  1  Browne  No.  4  fuze. 
Effects:  Normal;  flred fW>m  wharf. 


Eond. 


No. 
2 

2 

1 

8 

2 

2 


2 
2 
1 
3 
2 
2 


2 
3 
1 
2 
2 
8 

2 
3 
1 
2 
2 
8 

3 
2 
1 
3 
2 
3 

3 
2 
1 
3 
2 
3 

8 
2 
1 
3 
2 
3 

8 

3 
1 
8 
3 
3 


Number. 


1 
2 
3 

4 
5 
0 

1 
2 
3 

4 
5 
0 


1 
2 
8 

4 
5 
6 


1 
2 
3 

4 
5 
6 


1 
2 
8 
4 
5 
6 

1 
2 
3 
4 
5 
6 


.1 
2 
3 

4 
5 
6 


Lead  cylinder. 


Per  square  inch. 


HftmA^A'p 

Shorten- 

ing. 

Inehet. 

Inehet. 

0.75 

0.076 

0.75 

0.052 

0.4 

0.048 

0.75 

0.101 

0.75 

0.037 

0.75 

0.087 

0.75 

0.109 

0.75 

0.051 

0.4 

0.045 

0.75 

0.090 

0.75 

0.042 

0.75 

0.049 

0.76 

0.75 

0.4 

0.75 

0.75 

0.75 

0.6 
0.6 
0.4 
0.6 
0.6 
0.6 


0.6 
0.6 
0.4 
0.6 
0.6 
0.6 

0.6 
0.6 
0.4 
0.6 
0.6 
0.6 


1 

0.5 

2 

0.5 

3 

0.4 

4 

0.5 

6 

0.6 

6 

0."6 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.050 
0.120 
0.048 
0.040 
0.042 
0.099 


0.096 
0.202 
0.053 
0.060 
0.061 
0.152 

0.205 
0.055 
0.050 
0.147 
0.057 
0.139 

0.213 
0.054 
0.057 
0.186 


Energy. 


Foo^lba. 
15.76 

9.83 

11.39 

8.84 

6.41 

6.41 


25.33 
9.60 

10.45 
&61 
7.52 
9.12 

9.85 
11.17 
11.39 
7.06 
7.52 
9.12 


ia53 

11.16 

12.91 

5.80 

&54 

7.36 

11.87 
5.19 

12.03 
7Wl 
5.44 
6.45 

12.02 
6.07 

14.16 
9.83 


Pressure. 

Lbs. 
6,278 

4,582 

5,039 

4,278 

3,452 

3,452 

8.618 
4,508 
4,776 
8,197 
3,845 
4,361 

4,435 
4,981 
6,089 
3,607 
3,845 
3,197 

4,796 
4,991 
5,486 
3,226 
4.174 
8,781 

5,063 
2,991 
6.215 
3,659 
8,085 
2,463 

5,213 
2,945 
5,847 
4,583 


BemarlcB. 


0.077 

8.00 

3,997 

0.164 

8.20 

4,063 

a  312 

12.28 

5,339 

0.098 

5.55 

3,183 

0.045 

10.45 

4,776 

0.223 

7.86 

3.783 

0.086 

4.99 

2,918 

0.200 

6.31 

3,412 

0.889 

• 
15.41 

6,189 

0.373 

14.56 

5,862 

0.330 

11.30 

5,032 

0.298 

9.44 

4,464 

0.310 

10.10 

4,670 

Spoiled. 


382 


appendix:  a. 


D^Us  of  «rpertm«Rte  toith  the  Bingt — Gontinned. 


286 


287 


Details  of  experiment. 


288 


290 


291 


S92 


293 


294 


Explosive,  dynamite  No.  1,  loose ;  ring  4  foot ; 
charge,  ^  pound ;  submergence,  6  feet ;  depth  of 
water,  17  feet ;  case,  ftizecan,  sawdust  tamping  ; 
ignition.  Smith's  battery,  1  Browne  No.  4  ftise. 
Effects :  Normal ;  fired  ftom  wharf. 


Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  |  pound;  submergence,  6  feet;  depth  of 
water,  17  feet;  case,  fuze  can,  sawdust  tamping; 
ignition,  Smith's  battery,  1  Browne  No.  4  ftise. 
Effects :  Normal ;  fired  from  wharf. 


Explosive,  dynamite  No.  1.  loose;  ring,  4  foot; 
charge,  ^  pound;  submergence,  6 feet;  depth  of 
water,  17  feet;  case,  ftise  can,  sawdust  tamping; 
ignition,  Smith's  battery,  1  Browne  No.  4  fuse. 
Effects:  Normal;  fired  from  wharf. 


E I  plosive,  dynamite  No.  1,  loose;  ring*  4  foot; 
charge,  |  pound;  submergence,  6 feet;  depth  of 
water,  17  feet;  case,  fuze  can,  saw  dust  tamping; 
ignition,  Smith's  battery,  1  Browne  No.  4  fuse. 
Effects:  Normal;  fired  from  wharf. 


Explosive,  dynamit«  No.  1,  loose;  ring,  4  foot; 
charge,  4  pound;  submergence,  6  feet;  depth  of 
water,  17  feet;  case,  fuze  can,  sawdust  tamping; 
ignition,  Smith's  battery,  1  Browne  No.  4  ftise. 
Effects:  Normal;  fired  frt>m  wharf. 


Explosive,  dynamite  No.  1,  loose;  ring,  4  toot; 
charge,  |  pound ;  submergence,  6  feet ;  depth  of 
water,  17  feet;  case,  fuze  can,  sawdust  tamping; 
ignition,  Smith's  battery,  1  Browne  No.  4  ftize. 
Effects:  Normal ;  fired  from  wharf. 


Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  |  pound ;  submergence,  6  feet ;  depth  of 
water,  16  feet;  case,  fuze  can,  sawdust  tamping: 
ignition.  Smith's  battery,  1  Browne  No.  4  fiize. 
Effects:  Normal;  fired  frt>m  wharf.  Discon- 
tinued use  of  gauge  pattern  No.  2  after  this  date 
(November  13,  1872),  which  was  end  of  the  sea- 
son, except  1  crate  shot 

Eired  in  Crate.— See  Appendix  B. 

Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  6  pounds;  submergence,  100  feet;  depth 
of  water,  115  feet;  case,  can  No.  2,  sawdaat 
tamping;  ignition,  Smith's  battery,  1  Browne 
No.  4  fuze.  Effects :  Fired  under  wooden  rait ; 
a  few  bubbles  rose  long  after  explosion ;  fish 
Jumping  fh>m  water  at  great  distances;  no  Jet 
First  shot  of  season  (June  6, 1873). 


Gauge. 


Kind. 


Jfo. 
3 

3 

1 

2 

3 

8 

3 
8 
1 
2 
3 
3 

8 
3 
1 
2 
3 
8 

8 
3 
1 
2 
3 
3 

8 
3 
1 
2 
8 
8 

8 
3 
1 
2 
3 
3 

8 
3 
1 
2 
8 
8 


Lead  cylinder.         Per  square  inch. 


Number.  Diameter.|  S***"*****-    Energy. 


1 
2 
3 
4 

5 
6 

1 
2 

8 

4 
6 
6 

1 
2 
8 

4 
6 
6 

1 
2 
8 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 

4 
5 
6 

1 
2 
3 

4 
5 
6 


1 
2 
8 
4 
6 
6 


Jnehet. 

as 
as 
a  3 
as 
as 
as 

a6 
a  6 
as 
a4 
a  6 
a  6 

a  6 
a  6 
as 
a  4 

0.6 

a6 

ao 
a  6 
as 
a4 
a  6 
a6 

a  76 
a  75 
a  3 
a8 
a  75 
a  76 

a  75 
a  6 
as 
a  3 
a  75 
a  76 

a  76 
a  76 
as 
as 
a  75 
a  76 


a  4 
a  4 
a  4 
a  4 
a  4 
a  4 


Jneku. 
a  307 

a324 


a  132 
a207 
a  229 

a  172 
a  142 

a  180 
a  129 
a  119 

a  219 
a  192 

a  045 

a  168 
a  148 
a  133 

a  198 
a  199 

a  195 
a  163 
a  140 

a  136 

a  082 
a  048 
a246 

a  060 

a  089 

a  125 
a  159 

a  052 
a  243 
a  079 
a  082 

a  093 

a  119 
a  050 

a  240 
a  076 
a  075 


a  278 

a  207 
a  190 
a  194 
a  160 

a  078 


F6ot4b$. 
11.96 

12.98 


139.60 
130. 40 
74.30 
7a  64 
57.90 
2L21 


Bemirka 


Pressure. 


&97 
a60 
7.68 

&77 
a66 

ia75 

5.80 
7.15 

12.61 

lasi 
a  40 

0.73    > 
7.08 

ao6 

I 

ia84   I 
ia93 


12.13  j 
&13  i 
a52 

13.19 
a  76 

a  95 

11.09 
5.42 
7.49 

11.78 
ia39 

7.67 
ia86 

a  44 

a  76 

7.93 
1L03 

7.31 
ia63 

ao9 

5.98 


Lbt. 
5^227 

5,518 

4,312 
3,518 
3,891 

4,249 
3,536 

4.860 
3,226 
3,709 

6,324 
4,733 
3,445 
4.558 
3.684 
3,320 

4,895 
4,922 

5,277 
4,040 
3,487 

5,578 
3,570 
3.636 
4,969 
3,082 
3.824 

5,175 
6,448 
3,887 
4,901 
3,454 
3.570 

3.972 
4.944 
3,764 
4.832 
3,333 
8,292 


26,892 
25,701 
17.665 
18,029 
14.957 
7.654 


Failed. 


FaQed. 


Failed. 
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Details  of  experiments  with  the  Rings — Gontinaed. 


295 


297 


300 


301 


302  to 
314. 


Detaila  of  experiment. 


Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  5  ponnds ;  sabmergence,  80  feet ;  depth 
of  water,  115  feet ;  case,  can  Ka  2,  sawdnst  tamp- 
ing :  ignition,  Smith's  battery,  1  Browne  Na  4 
fate.  Effects :  Suspended  onder  wooden  target ; 
babbles  appeared  long  after  explosion ;  no  Jet. 


Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  5  pounds  ;  submergence,  70  feet ;  depth 
of  water,  190  feet ;  case,  can  No.  2,  sawdust  tamp« 
ing :  ignition,  Smith's  battery,  1  Browne  No.  4 
fuse.  Effects :  Suspended  under  wooden  target ; 
no  Jet ;  many  fish  killed. 


Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge, 5 pounds ;  submergence,' 60  feet;  depth 
of  water,  120  feet ;  case,  can  No.  2,  sawdust  tamp- 
ioff  i  ignition,  Smith's  battery,  1  Browne  No.  4 
fuse.  Effects:  Suspended  under  wooden  taiget; 
upward  boiling  of  water  appeared  in  20  seconds 
after  explosion. 

Exploaive,  dynamite  No.  1,  loose ;  ring,  4  foot ; 
charge,  5  pounds ;  submergence,  50  feet ;  depth 
of  water,  120  feet ;  case,  can  No.  2,  sawdust  tamp- 
ing ;  ignition,  Smith's  battery,  1  Browne  No.  4 
fuze.  Effects :  Susi>ended  under  wooden  target ; 
boiling  appeared  in  20  seconds  after  firing. 

Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  5  pounds ;  submergence,  40  feet ;  depth 
of  water,  120  feet ;  case,  can  No.  2,  sawdust  tamp- 
ing ;  ignition,  Smith's  battery,  1  Browne  No.  4 
fuze.  Effects :  Suspended  under  wooden  target ; 
boiling  appeared  at  surfSMe  in  6  seconds  after 
firing. 

Explosive,  dynamite  No.  1,  loose ;  ring,  4  foot ; 
charge,  6  pounds ;  submergence,  32  feet ;  depth 
of  water,  120  feet ;  case,  can  No.  2,  sawdust  tamp- 
ing; ignition,  Smith's  battery,  1  Browne  No.  4 
ftize.  Effects :  Suspended  tram  wooden  target, 
which  was  slightly  raised  by  the  explosion  and 
severely  Jarred. 

Explosive,  dynamite  No.  1,  loose ;  ring,  4  foot ; 
charge,  5  pounds ;  submergence,  20  feet ;  depth 
of  water,  UMfeet ;  case,  can  No.  2,  sawdust  tamp- 
ing ;  ignition,  Smith's  battery,  1  Browne  No.  4 
fuxe.  Effects :  Suspended  from  wooden  target, 
which  received  a  severo  shock,  throwing  irons 
up  weighing  10  pounds. 

Fired  under  wooden  target,  without  the  ring.  See 
Appendix  C. 


(Huge. 


1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 


Number. 


1 
2 
8 

4 
5 
6 


1 
2 
8 
4 

5 
6 


1 
2 
8 

4 
5 
6 


1 
2 
8 
4 

5 
0 

1 
2 
8 
4 
5 
6 


1 
2 
3 
4 

5 
6 


1 
2 
3 
4 
5 
6 


Lead  cylinder. 


Diameter. 


Inehsi. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


Shorten- 
ing. 

Inehst. 
a  290 


0.195 
0.109 
0.235 


0.191 
0.175 
0.243 
0.200 
0.263 
0.206 


0.234 
0.240 
0.218 
0.247 
0.130 
0.199 


0.262 

0.212 
0.203 
0.151 
a  160 


0.299 
0.207 
0.214 
0.200 
0.181 


0.181 
0.259 
0.229 
a229 
0.212 
0.212 


0.200 
0.237 
0.238 
0.210 
0.202 
0.207 


Per  square  inch. 


Energy. 


77.22 

79.81 

105.10 


74.88 

65.80 
111.  10 

80.46 
118.00 

84.47 


104.40 

115.70 

92.74 

114.20 

42.56 

79.81 


126.30 

88.42 
82.48 
53.14 
52.64 


157. 70 
85.10 
80.84 
80.46 
60.24 


123.80 

100.67 

100.67 

88.42 

8&42 


80.46 
106.60 
107.30 
87.00 
8L81 
85.10 


Foot-lbs. 
149.80 


I 


Lbt. 
28,190 

18,120 
18, 524 
22,255 


25,156 

10,832 
18,937 
14, 128 
14,040 


29,193 
19,335 
20.044 
18,625 
16,850 


24,820 
21,626 
21,626 
19,832 
19,832 


18,625 
22,465 
22, 570 
19,620 
18,833 
19,335 


17,756  I 

16,290  I 

23,007 

18,625 

24.164 

19,240 


22,150 
23,737 
20,474 
23,531 
12,183 
18,524 


Bemarks. 


Pressure.' 


Spoiled. 


Spoiled. 


Spoiled. 


Spoiled. 


Lead  defective. 
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816 


Details  of  experiment. 


Explosive,  rendroek,  20  per  cent,  nitro-glycerine ; 
ring,  4  foot;  charge,  1  pound;  submergence,  85 
feet;  depth  of  water,  101  feet;  crae,  ftize  can; 
ignition,  Smith's  battery,  1  Browne  No.  4  faze. 
Effects :  Slight  boiling  of  water. 


Gauge. 


Lead  cylinder.         Per  square  inch. 


,    Kind.      Number.  Diameter.,  Shorten-    j^^^^^    Pressure. 

I  ing.  "^ 


No. 


1 
2 
3 
4 
5 
6 
7 
8 


InehtM,  '   Ineket.     Foot4b*. 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.8 


0.046 
0.0«5 
0.071 
0.050 
0.216 
0.064 
0.032 
0.065 


Bematka. 


iot4b*. 

Lb$. 

■ 

10,76 

4,864 

16.73 

6,537 

ia76 

7,053 

13.83 

5,757 

Lead  dented. 

16.42 

6,453 

0.24 

380 

0.62 

727 

1 

816 


Explosive,  rendroek,  40  per  cent,  nitro-glycerine; 
ring,  4  foot;  charge,  1  ponnd;  snbmergence,  35 
feet ;  depth  of  water,  101  feet ;  case,  ftiae  can, 
sawdust  tamping;  ignition.  Smith's  battery,  1 

•  BrowneNo.  4ftize.  Effects:  Crack  appeared  in 
lowering  ring. 


317 


318 


810 


Explosive,  rendroek,  40  per  cent,  nitro-glycerine ; 
ring,  4  foot ;  charge,  2  pounds ;  submergence,  85 
feet;  depth  of  water,  101  feet;  case,  can  No.  1, 
sawdust  tamping;  ignition.  Smith's  battery,  1 
Browne  No.  4  fuse.  Effects:  Ring  broke  near 
No.  2  socket,  showing  a  small  flaw  in  iron ;  no 
Jet,  only  a  boiling  of  Uie  water. 


Explosive,  rendroek,  60  per  cent,  nitro-glycerine ; 
ring,  4  foot;  charge,  1  pound;  submergence,  35 
feet;  depth  of  water,  101  feet:  case,  fuse  can, 
aawdust  tamping;  ignition,  Smith's  battery,  1 
Browne  No.  4  fuze.  Effects:  Socket  of  No.  2 
gauge  broke  (from  old  injury). 


Explosive,  rendroek,  20  per  cent,  nitro-glycerine ; 
ring,  4  foot;  charge,  2  pounds;  submergence,  35 
feet;  depth  of  water,  101  feet;  case,  can  No.  1, 
sawdust  tamping;  ignition,  Smith's  battery,  1 
Browne  No.  4  fuze.  Effects:  A  dome  of  water  | 
1  foot  high  rose  a  few  seconds  after  explosion. 


3 
3 


3 
8 


1 
1 

1. 

1 

1 

1 

8 

3 


1 
2 
3 
4 
5 
6 
7 
8 


3 
3 


1 
2 
3 

4 
5 
6 
7 
8 


1 
2 
3 

4 
5 
6 
7 
8 


1 
2 
8 
4 

5 
6 

7 
8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 


0.134 

0.074 
0.076 
0.064 
0.068 
0.028 
0.048 


0.114 
0.125 
0.074 
0.080 
0.063 
0.064 
0.030 
0.063 


0.186 
0.150 

•    ■    a    •     « 

0.101 
0.064 
0.076 
0.063 
0.064 


0.124 
0.097 
0.097 
0.077 
0.066 
0.075 
0.082 
0.078 


44.67 

10.75 
20.46 
16.42 
17.74 
0.21 
a  42 


3Sl38 
40.42 
10.75 
2L06 
16.10 
16.42 
0.83 
0.60 


72.08 
52.64 

29.98 

16.42 

20.46 

0.60 

0.61 


39.05 

28.28 
28.28 
20.83 
17.07 
20.08 
0.85 
a79 


12,578 

7,300 
7,473 
6,453 
6,797 
355 
556 


Spoiled. 


10,768 

11,770 

7,300 

7,836 

6,370 

6,453 

475 

714 


17,800 
14,040 

9,640 

6,453 

7,473 

714 

721 


11,677 
9,276 
9,276 
7.564 
6,624 
7,382 
898 
856 


Lost  lead. 


320  Explosive,  rendroek.  40  per  cent  nitro-glycerine ; 
ring,  6  foot;  charge,  2  pounds;  submergence,  35 
feet;  depth  of  water,  70  feet;  case,  can  No.  1, 
sawdust  tamping;  igniiion,  Sruith's  battery,  1 
Browne  No.  4  fuze.    Effects:  Normal. 


3 
3 


1 
2 
3 
4 
5 
6 
7 
8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 


0.113 
0.064 
0. 0.V2 
0.040 
0.081 
0.061 
0.039 
0.019 


34.94 

16.42 

12.62. 

9.10 

-22.31 

15.47 

0.83 

0.11 


10,679 
6,453 
5,395 
4,356 
7,918 
6,203 
473 
234 
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Details  of  experiments  tcith  the  Rings — Oontinued. 


i 


s 


S21 


324 


826 


DetaiU  of  experiment. 


EzploeiTe,  rendrock,  00  per  cent.  nitro>g1yoerlne; 
ring,  5  foot;  charge,  2  pounds;  Babmergence, 
85  feel;  depth  of  water,  70  feet;  case,  can  Ko. 
1,  sawdust  tamping ;  ignition,  Smith's  battery, 
1  Browne  Ko.  4  ftise.    Effects*.  Normal. 


Ezplosiye,  rendrock,  20  per  cent,  nitro-glycerine; 
ring,  6  foot;  charge,  8  ponnds;  submergence, 
86  feet ;  depth  of  water,  70  feet ;  case,  can  No. 
1,  sawdust  tamping ;  ignition.  Smith's  battery, 
1  Browne  No.  4  fbxe.    Effects :  Small  boil. 


Ezploaive,  rendrock,  40  per  cent,  nitro-glyoerine; 
ring,  6  tbot;  charge,  5  ponnds;  submergence, 
35  feet;  depth  of  water,  112  feet;  case,  can  No. 
1,  sawdust  tamping;  ignition,  Smith's  battery, 
1  Browne  No.  4  fuze.    Efliacts :  Small  boiL 


Explosivc'rendrock,  00  per  cent,  nitro-glycerine; 
ring,  5  foot;  charge,  3  ponnds;  submergence, 
86  feet;  depth  of  water,  70  feet;  case,  can  No. 
1,  sawdust  tamping;  ignition,  Smith's  battery, 
1  Browne  No.  4  fmse.    Effects :  Small  boil. 


Exploeive,  rendrock,  20  per  cent,  nitro-glycerlne; 
ring,  6  foot;  charge,  4  pounds;  submergence, 
86  feet ;  depth  of  water,  70  feet ;  case,  can  No. 
2,  sawdust  tamping;  ignition,  Smith's  battery, 
1  Browne  No.  4  flise.    Effects :  Small. 


ExploeiTe,  rendrock,  40  per  cent,  nitro-glyceilne; 
ring,  6  foot ;  charge,  4  pounds ;  submergence, 
86  feet;  depth  of  water,  70  feet;  case,  can  No. 
2,  sawdust  tamping;  ignition.  Smith's  battery, 
1  Browne  No.  4  fuse.    Effects:  Normal. 


Gauge. 

Lead  cylinder. 

Per  square  inch. 

Bemarks. 

Kind. 

Number. 

Diameter 

Shorten- 
ing. 

Energy. 

Pressure. 

No, 

InehM. 

/fMftst. 

Foot-tbt. 

Lb9. 

1 

1 

0.4 

0.071 

18.75 

7.053 

1 

2 

0.4 

0.094 

27.07 

9,009 

1 

8 

0.4 

0.066 

16.73 

6,637 

1 

4 

0.4 

0.063 

16.10 

6,370 

1 

6 

0.4 

0.070 

18.42 

6,971 

1 

6 

0.4 

0.068 

I&IO 

6,370 

8 

7 

0.3 

0.049 

0.43 

567 

8 

8 

0.8 

0.090 

0.98 

986 

1 

1 

0.4 

0.108 

30.85 

9,816 

1 

2 

0.4 

0.158 

66.80 

14,766 

1 

3 

0.4 

0.009 

1&08 

6,884 

1 

4 

0.4 

0.050 

12.08 

6,215 

1 

6 

0.4 

0.073 

19.42 

7,218 

1 

6 

0.4 

0.074 

19.75 

7,300 

8 

7 

0.3 

0.054 

0.49 

620 

8 

8 

0.8 

0.097 

1.07 

1,044 

1 

1 

0.4 

0.166 

60.96 

15,479 

1 

2 

0.4 

0.168 

62.03 

15,668 

1 

8 

0.4 

0.083 

23.00 

8»080 

1 

4 

0.4 

0.084 

28.84 

8»162 

1 

6 

0.4 

0.087 

24.44 

8,416 

1 

0 

0.4 

0.085 

28.69 

8»244 

8 

7 

0.8 

0.073 

a72 

803 

8 

8 

0.3 

0.076 

0.76 

836 

1 

1 

0.4 

0.124 

89.95 

11,677 

1 

2 

0.4 

0.117 

86.71 

11,036 

1 

8 

0.4 

0.114 

35.88 

10,768 

1 

4 

0.4 

0.124 

39.96 

11,677 

1 

6 

0.4 

0.090 

26.57 

8»674 

1 

0 

0.4 

0.099 

29.13 

9,460 

8 

7 

0.8 

0.080 

0.96 

975 

8 

8 

0.8 

0.108 

1.24 

1,162 

1 

1 

0.4 

0.092 

26L33 

8,841 

1 

2 

0.4 

0.099 

29.18 

9,460 

1 

8 

0.4 

0.087 

24.44 

8,416 

1 

4 

0.4 

0.066 

23.09 

8,244 

1 

6 

0.4 

0.086 

24.07 

8,330 

1 

0 

0.4 

0.078 

19.42 

7,218 

3 

7 

0.8 

0.079 

0.81 

866 

3 

8 

0.8 

0.086 

0.90 

982 

1 

1 

0.4 

0.125 

40.42 

11,770 

1 

2 

0.4 

0.142 

4&66 

13,808 

1 

8 

0.4 

0.117 

86.71 

11,036 

1 

4 

0.4 

0.098 

2&71 

9,368 

1 

6 

0.4 

0.108 

32.82 

10,244 

1 

6 

0.4 

0.096 

27.86 

9,184 

8 

7 

0.8 

0.111 

L28 

1,181 

8 

8 

0.8 

0.094 

L03 

1,018 

• 

No.  23 49 
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327 


328 


329 


330 


331 


332 


Details  of  experiment. 


Exploeiye,  rendrock,  60  per  cent,  nitre-glycerine ; 
ring,  5  foot ;  charge,  4  poonda ;  sabmergence, 
85  feet ;  depth  of  water,  70  feet  i  case,  can  Ko.  2, 
eawdnat  tamping  ;  ignition.  Smith's  battery,  1 
Browne  Na  4  ftise.    Effecte :  NormaL 


Explosive,  rendrook,  20  per  cent,  nitro-glyoerine ; 
ring,  5  feet ;  charge,  5  pounds ;  submergence, 
35  feet ;  depth  of  water,  112  feet ,-  case,  can  No.  2, 
sawdust  tamping;  ignition,  Smith's  battery,  1 
Browne  No.  4  ftize.    Eifects :  NormaL 


Gauge. 


Explosive,  rendroclc,  40  per  cent,  nitro-glycerine ; 
ring,  5  foot;  charge,  5  pounds;  submergence, 
35  fi!«t ;  depth  of  water,  112  feet ;  esse,  can  Na  2, 
sawdust  tamping ;  ignition.  Smith's  battery,  1 
BrowneNo. 4Aise.  Effects:  Bing showed  waip 
at  top. 


Explosive,  rendrock,  60  i>er  cent,  nitro-glyoerine ; 
ring,  5  foot;  charge,  5  pounds;  submergence, 
35  feet;  depth  of  water,  112  feet ;  case,  can  No.  2, 
sawdust  tamping ;  ignition,  Smith's  battery,  1 
Browne  Na  4  fuse.  Effects :  More  warping  of 
ring. 


Explosive,  dynamite  No.  1 ;  ring,  3  foot :  charge, 
100  pounds;  submergence,  19  feet;  depth  of 
water,  20|  feet ;  case,  buoyant  torpedo,  model  of 
1872;  ignition,  1  platinum  Aue,  40oellsLeolanchA 
battery.  Effects:  King  was  held  by  an  anchor 
at  70  feet  horizontally  from  torpedo ;  water  fell 
on  the  buoy,  but  did  no  damage. 


Explosive,  dynamite  Na  1 ;  ring,  3  foot ;  charge, 
200  pounds;  submergence,  21  feet;  depth  of 
water,  21  fe-et ;  case,  ground  torpedo,  model  1873 ; 
ignition,  40  celU  LeclanchA  battery,  1  platinum 
fuze.  Effects :  Ring  held  by  an  anchor  80  feet 
horizontally  from  torpedo ;  the  explosion  killed 
3  porpoises  at  a  greater  distance. 


Kind. 


No. 


3 
8 


3 
3 


8 
8 


3 
3 


3 


Number. 


Diameter. 


3 


1 
2 
8 

4 
5 
6 
7 
8 


1 
2 
8 

4 
5 
6 
7 
8 


1 
2 
3 
4 
5 
6 
7 
8 


1 
2 
8 

4 
6 
6 
7 
8 


1 
2 
8 

4 
5 
6 
7 


1 
2 
3 

4 
5 
6 

7 


Lead  cylinder. 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 


0.3 
0.3 
0.3 
0.3 
0.3 
0.8 
0.3 


0.3 
0.8 
0.3 
0.3 
0.3 
0.3 
0.3 


Shorten- 
ing. 


Inehst. 
ai23 

0.144 

0.118 

0.066 

0.121 

0.112 

0.115 

0.103 


0.131 
0.117 
0.007 
0.104 
0.080 
0.096 
0.105 
0.114 


Per  aquarei  inch. 


0.164 
0.164 
0.164 
0.164 
0.164 
0.164 
0.124 
0.126 


0.152 
0.142 
0.149 
0.135 
0.095 
0.143 
0.127 
0.122 


0.012 
0.006 
0.008 
0.014 
0.020 
0.012 
0.099 


0.010 
0.015 
0.007 
0.039 
0.016 
0.016 
0.180 


Energy. 


F0<ft4b9. 

89.47 
49.60 
84.94 


8&S2 

84.50 

L84 

1.16 


43.09 
36.71 
2&28 
3L29 
25.19 
2&71 
L19 
L88 


69.92 
59.92 
50.92 
50.92 
50i92 
59.92 
L49 
1.53 


53.64 
48.56 
5L34 
45.20 

49.08 
L55 
1.46 


1.18 
0.72 
0.72 
L42 
2.30 
1.18 
LIO 


0.94 
1.54 
0.61 
3.60 
1.69 
L69 
2.82 


Pressure. 


Lb9. 
11,584 

13,492 

10.687 

11,898 

10,660 

1,217 

1,102 


12,282 
11,036 
9.276 
9,904 
8,588 
9,368 
1,122 
1,206 


15,803 
15,803 
15,808 
15^308 
15^303 
15.308 
1.306 
1,826 


14, 216 
13.303 
13,949 
12,677 

13.397 
1,836 
1,287 


1,117 
803 
803 
1,263 
1,742 
1,117 
1,062 


969 
1,332 

719 
2,846 
1,418 
1.418 
1.' 


Bemarka 


Pin  upset. 


Pinupeei 
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834 


835 


836 


337 


DetaUa  of  ^xpeiimeDt. 


Exploaive,  rendrook,  40  per  cent  nititHSlyoerlne; 
ring,  4  foot;  charge,  1  pound;  sabmergenoo,  35 
feet;  depth  of  water,  82  feet;  case,  fuse  can; 
ignition,  Smith's  battery,  1  Browne  No.  4  ftise. 
Effects:  Buoy  rose  2  feet,  followed  by  small  boil 
in  14  seconds. 


ExplosiTe,  dynamite  No.  2,  loose;  ling,  4  foot; 
charge,  1  ponnd;  sabmergenoe,  35  feet;  depth 
of  water,  82  feet;  case,  fuze  can;  ignition, 
Smith's  battery,  1  Browne  No.  4  fuze.  Effects: 
Boiling  appeared  14  seconds  after  explosion. 


EzplosiTe,  dynamite  No.  2;  ring,  4  foot;  charge, 
2  pounds ;  sabmergenoe,  35  feet ;  depth  of  water, 
82  feet;  case,  can  No.  1,  sawdnst  tamping; 
ignition,  Fanner  dynamo,  1  platinum  ftiae. 
Effects:  NormaL 


Szploeive,  rendrock,  40  per  cent,  nitro-glyoerlne; 
ring,  4  foot;  charge,  2  pounds ;  submergence,  35 
feet;  depth  of  urater,  82  feet;  case,  can  No.  1, 
sawdust  tamping;  ignition,  Fanner  dynamo,  1 
platinum  fuse.    Effects:  Boil  rose  in  5  seconds. 


Explosive,  dynamite  No.  2;  ring,  4  foot;  charge, 
3  pounds ;  submergence,  35  feet;  depth  of  water, 
82  feet;  case,  can  No.  1,  sawdust  tamping;  Igni- 
tioUf  Farmer  dynamo,  1  platinum  fuze.  Effects : 
Buoy  shot  up  its  length,  and  sunk  back  to  meet 
a  yeUow  boiL 


BxplosiTO,  rendrock,  40  percent  nitro-glycerine; 
ring,  4  foot ;  charge,  3  pounds ;  submergence,  35 
feet;  depth  of  water,  82  feet;  case,  can  No.  1, 
sawdust  tamping;  ignition,  Farmer  dynamo,  1 
platinum  ftize.  Effects:  Small  boil  rose  in  a 
few  seconds. 


Gauge. 


Kind. 


No. 


8 

8 


8 

8 


1 

1 
1 
1 
1 
1 
3 
8 


1 
1 
1 
1 
1 
1 
8 
8 


8 


8 
8 


Lead  cylinder. 


Number.  Diameter. 


1 
2 
8 
4 
5 
6 
7 
8 


1 
2 
8 

4 
5 
0 
7 
8 


1 
2 

3 

4 
5 
6 
7 
8 


1 
2 
8 

4 
5 
6 
7 
8 


1 
2 
2 

4 
5 
6 
7 
8 


1 
2 
8 
4 
5 
6 
7 
8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.8 


0.4 
0.4 

0.4 

a4 

0.4 
0.4 
0.8 
0.8 


Shorten- 
hig. 


0.149 
0.113 
0.082 
0.065 
0.000 

aoTi 

0.041 
0.046 


0.111 
0.060 
0.078 
a  074 
0.082 
0.066 
a020 

ao46 


0.196 
0.096 
0.160 
0.096 
0.125 

au5 

0.070 
a086 


0.198 
0.191 
0.133 
0.113 
0.091 
0.091 
0.049 


0.143 
0.161 
0.137 
0.145 
0.128 
0.142 
a088 
0.125 


0.145 
0.147 
0.172 
0.147 
0.154 
0.U6 
0.076 
0.U0 


Per  square  Inoh. 


Energy. 


Iboe-Os. 


22.65 
23.69 
1&08 
18.75 
0.36 
0.38 


i&oe 

19.42 
19.75 
22.66 
18.83 
0.21 
0.88 


27.86 
52.64 
27.86 
40.42 
35.82 
0.70 
0.90 


79.16 
74  88 
44.14 
34.94 
25.94 
25.94 
a43 


49.08 
58.41 
46.18 
60.12 
41.70 
4a  56 
0.87 
L51 


50.12 
50.73 
64.18 
50  73 
54  65 
35.82 
0.76 
1.27 


Pressure. 


Lbi. 


7,999 
8,244 
6,884 
7,063 
494 
624 


6,884 
7,218 
7,300 
7,999 
5,767 
866 
624 


9,184 

14.040 

9.184 

11.770 

10,887 

788 

962 


18,428 

17,766 

12,479 

10,679 

8,758 

8,768 

667 


18.397 
15,044 
12,861 
13,587 
12,018 
13.808 
910 
1,316 


13,587 
13,768 
16,018 
13,768 
14,392 
10,857 
886 
1.172 


Remarks. 


Hammered. 
Do. 


Hammered. 


Hammered. 


Tipped  oTer. 
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1 

i 

Details  of  experiment. 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

( 

1 

Eemirks.       { 

Origina 
be 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pi-essare. 

t 

Ko. 

Inehea. 

IneKe$. 

Foot-lbi. 

Lh$. 

339 

Exploaive,  dynamite  No.  2;  ring,  4  foot;  charge,  4 

1 

0.4 

0.187 

61.60 

15,569 

pounds;  snbmergence,  35  feet;  depth  of  water, 

2 

0.4 

0.182 

58.91 

15,130 

1 

82  feet;  ease,  can  No.  2,  sawdnst  tamping;  igni- 

3 

9.4 

0.164 

59.92 

15,303 

tion,  Farmer  dynamo,  1  pla.tinam  fuse.    Effects : 

4 

0.4 

0.149 

5L34 

13,949 

Normal. 

5 

0.4 

0.135 

45.20 

12,677 

6 

0.4 

0.132 

43.62 

12.381 

1 

7 

0.3 

0.086 

0.92 

943 

1 
j 

3 

8 

0.3 

0.094 

1.03 

1,018 

i 

340 

Explosive,  rendrock,  40  per  cent,  nitro-glycerine ; 

1 

1 

0.4 

0.172 

64.18 

16,018 

1 

ring,  4  foot ;  charge,  4  pounds ;  snbmergence,  35 

1 

2 

0.4 

0.165 

60.43 

15,390 

feet;  depth  of  water,  82  feet;  case,  can  No.  2, 

1 

3 

0.4 

0.176 

66.37 

16,383 

sawdust  tamping:  ignition,  Farmer  dynamo,  1 

1 

4 

0.4 

0.148 

5L34 

13,949 

plAtinum  faze.   Effects:  Buoy  rose  3  feet;  small 

1 

5 

0.4 

0.156 

55.70 

14,575 

dome  in  3  seconds. 

1 

6 

0.4 

0.161 

58.41 

15,044 

8 

7 

0.8 

0.104 

1.17 

1,112 

8 

8 

0.3 

0.135 

L69 

1,418 

341 

Explosive,  dynamite  No.  2;  ring,  4  foot;  charge, 

1 

1 

0.4 

0.130 

42.56 

12,183 

5  pounds ;  submergence,  35 feet;  depth  of  water, 

1 

2 

0.4 

0.189 

73.74 

17,576 

82  feet;  case,  can  No.  2,  sawdust  tamping;  ignl* 

1 

8 

0.4 

0.228 

99.94 

21,522 

tion,  Farmer  dynamo,  1  platinum  fuze.    Effects : 

1 

4 

0.4 

0.196 

77.22 

18,122 

NormaL 

1 

5 

a4 

0.149 

.... 

Pinswedged. 

1 

6 

0.4 

0.201 

8L18 

18,729 

3 

7 

0.3 

0.113 

L81 

1,199 

3 

8 

0.8 

0.149 

L96 

1,564 

342 

Explosive,  rendrock,  40  per  cent,  nitro-glycerine; 

1 

0.4 

0.168 

62.03 

15,658 

1      rinf?,  4  foot;  charge,  5  pounds;  snbmerf^ence,  35 

2 

0.4 

0.209 

86.37 

19.525 

feet;  depth  of  water,  82  feet;  case,  can  No.  2, 

3 

0.4 

6.196 

T7.87 

18,221 

sawdust  tamping;  ignition,  Fanner  dynamo,  1 

X 

4 

0.4 

0.191 

74.88 

17,756 

platinum  fuze.    Effects:  Normal. 

5 

0.4 

0.168 

62.03 

15.658 

6 

0.4 

0.161 

58.41 

15,044 

343 

Fired  in  Crate. — See  Appendix  B^ 

3 

7 

0.3 

0.095 

1.04 

1,026 

to 
349 

3 

8 

0.3 

0.129 

1.58 

1,357 

350 

Expl(Mive,  dynamite  Na  2;  ring,  4  foot;  charge,  1 

1 

1 

0.4 

0.142 

Hammered. 

pound;  submergence,  35  feet;  depth  of  water, 

1 

2 

0.4 

0.075 

20.08 

7,382 

92  feet ;  case,  fuzecan ;  ignition,  Farmer  dynamo, 

1 

8 

0.4 

0.048 

9.91 

4,608 

1  service  low  tension  fuze.   Effects :  Usual  small           1 

4 

0.4 

0.066 

17.07 

6^624 

boil. 

1 

5 

0.4 

0.048 

1L39 

5,039 

1 

6 

0.4 

0.057 

14.16 

5.847 

3 

7 

0.3 

0.022 

ai4 

273 

3 

8 

0.3 

0.066 

0.64 

739 

851 

Explosive,  dynamite  No.  2;  ring,  4  foot;  charge,  4 

1 

0.4 

0.175 

65.80 

16,290 

pounds;  submergence,  35  feet;  depth  of  water, 

2 

0.4 

0.199 

79.81 

18,524 

92  feet;  case,  can  No.  2,  loose;  ignition.  Farmer 

8 

0.4 

0.149 

51.34 

13,949 

dynamo,  1  service  low  tension  fuze.    Effects: 

4 

0.4 

0.146 

50.42 

13,678 

Small  dome. 

5 

0.4 

0.140 

47.52 

13,  U3 

6 

0.4 

0.139 

47.06 

13,026 

3 

7 

0.3 

0.102 

1.14 

1,001 

3 

8 

0.3 

0.133 

L65 

1,398 
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Details  of  experiments  with  the  Rings — ^Oontinaed. 


• 

DetftUfl  of  experiment. 

(Huge. 

Lead  cylinder. 

Per  square  inch. 

Remarks. 

t 

Kind.      Number. 

Diamet<er. 

Shorten- 
ing. 

Energy. 

Pressure. 

No. 

IncihtM. 

FooUUbt. 

Lbs. 

362 

ExploBive,  mica  powder  No.  2;   ring,  4  foot; 

1 

1 

0.4 

0.041 

9.37 

4,440 

charge,  1  pound ;  sabmergenoe,  35  feet ;  depth 

1 

2 

0.4 

0.036 

7.96 

3,988 

of  water,  92  feet ;  case,  ftize  can,  f till ;  ignition, 

1 

3 

0.4 

0.037 

8.24 

4,080 

Fanner  dynamo,  1  aeryioe  low  tennion  fuze. 

1 

4 

0.4 

0.037 

8.24 

4,080 

SfTeots:  A  few  babbles  roee  several  seconds 

1 

6 

0.4 

0.037 

8.24 

4,080 

after  sound. 

1 

6 

0.4 

0.020 

3.87 

2,463 

8 

7 

.0.3 

0.013 

0.08 

182 

8 

8 

0.3 

0.031 

0.23 

377 

863 

Explosive,  mica  powder  No.  2;   ring,  4   foot; 

1 

1 

0.4 

0.174 

66.26 

16,199 

charge,  2  pounds ;  submergence,  35  feet ;  depth 

1 

2 

0.4 

0.082 

22.65 

7, 099 

of  water,  02  feet;  case,  can  No.  1,  sawdust 

1 

3 

0.4 

0.056 

13.83 

5,757 

tamping;  ignition,  Farmer  dynamo,  1  service 

1 

4 

0.4 

0,063 

16.10 

6,370 

low  tension  fuze.    Effects:  Normal. 

1 

5 

0.4 

0.056 

13.83 

.   5,757 

1 

6 

0.4 

0.052 

12.62 

5,395 

8 

7 

0.8 

0.028 

0.20 

346 

8 

8 

0.8 

0.041 

0.85 

494 

864 

Explosive,  mica  powder  No.  2;   ring,   4   foot; 

1 

1 

0.4 

0.164 

59.92 

15,303 

charge,  3  pounds;  submergence,  35  feet;  depth 

1 

2 

0.4 

0.115 

35.82 

10,857 

of  water,  02  feet;   case,  can  No.  2,  sawdust 

1 

3 

0.4 

0.008 

28.71 

9.368 

tamping:  ignition.  Farmer  dynamo,  1  service 

1 

4 

0.4 

0.094 

27.07 

9,009 

low  tension  fuze.    Effects:  Loud  sounds;  large 

1 

5 

0.4 

0.090 

.     25.57 

8,674 

yellow  boil. 

1 

6 

0.4 

0.075 

20.08 

7,382 

8 

7 

0.8 

0.058 

0.55 

669 

8 

8 

0.8 

0.057 

0.53 

656 

356 

Explosive,   mica  powder  No.  2;   ring,  4   foot; 

1 

1 

0.4 

0.179 

68.10 

16,664 

charge,  4  pounds ;  submergence,  35  foot ;  depth 

1 

2 

0.4 

0.182 

60.81 

16,042 

of  water,   02  feet;  case,  can  No.  2,   sawdust 

1 

8 

0.4 

0.127 

41.28 

11,935 

tamping;  ignition,  Farmer  dynamo,  1  service 

1 

4 

0.4 

0.132 

43.62 

12,381 

low  tension  fuse.    Effects:  Normal. 

1 

5 

0.4 

0. 112 

34.50 

10,590 

1 

6 

0.4 

0.105 

31.62 

0,992 

8 

7 

0.3 

0.083 

0.87 

910 

8 

8 

0.8 

0.002 

LOO 

1,002 

856 

Explosive,  mica  powder  No.  2;   ring,   4  foot; 

1 

1 

0.4 

0.147 

60.78 

13,768 

charge,  5  pounds;  submergence,  35  feet;  depth 

1 

2 

0.4 

0.125 

40.42 

11,770 

of  water,  92  feet;   case,  can  No.  2,  sawdust 

1 

3 

0.4 

0.105 

31.62 

9,992 

tamping ;  ignition.  Farmer  dynamo,  1  service 

1 

4 

0.4 

0.119 

37.60 

11,215 

low  tension  ftize.    Effects :  Less  than  preceding 

1 

5 

0.4 

0.098 

28.71 

9,368 

shot. 

1 

6 

0.4 

0.117 

86.71 

11,036 

8 

7 

0.8 

0.002 

LOO 

1,002 

8 

8 

0.8 

0.092 

LOO 

L002 

W! 

Explosive,  dynamite  Na  1,  loose;  ring,  4  foot; 

1 

1 

0.4 

0.146 

50.42 

13,678 

charge,  1  pound ;  submergence,  35  feet ;  depth 

1 

2 

0.4 

0.097 

28.28 

9,276 

of  water,  02  feet ;  case,  fuze  can ;  ignition.  Far- 

1 

8 

•  0.4 

0.070 

1&42 

6,971 

mer  dynamo,  1  service  low  tension  fuze.   Effects : 

1 

4 

0.4 

0.080 

21.96 

7,836 

Normal. 

1 

5 

0.4 

0.066 

17.07 

6,624 

1 

6 

0.4 

0.060 

15.15 

6,119 

• 

3 

7 

0.8 

0.040 

0.34 

487 

8 

8 

0.8 

a026 

0.30 

450 
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APPBlfDIX  A 


Details  of  experiments  with  the  Rings — Continued. 


% 


358 


350 


800 


801 


802 


Details  of  ezporiment. 


Explosive,  dynamite  No.  1,  loose ;  ring,  4  foot ; 
charge,  3  pounds ;  submergence,  35  feet ;  depth 
of  water,  92  feet ;  case,  cau  Xo.  1 ;  ignition, 
Farmer  dynamo,  1  service  low  tension  ftize. 
Effects:  KormaL 


Explosive,  dynamite  No.  1,  loose ;  ring,  4  foot ; 
charge,  4  pounds ;  submergence,  35  feet ;  depth 
of  water,  92  feet;  case,  can  Ko.  2,  sawdnat 
tamping;  ignition,  Farmer  dynamo,  1  service 
platinum  flise.  Eflfeits:  Buoy*  shot  up  6  feet 
before  any  surface  disturbance  of  water  oc- 
curred; asusuaL 


Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  5 pounds;  submergence,  35 feet;  depth 
of  water,  92  feet ;  case,  can  No.  2 ;  ignition, 
Farmer  dynamo,  1  service  low  tension  fuze. 
Effects:  NormaL 


Explosive,  mica  powder  No.  2;  ring,  4  foot; 
charge,  1  pound ;  submergence,  35  feet ;  depth 
of  water,  90  feet;  case,  fuse  can,  full;  ignition. 
Farmer  dynamo,  1  s«^rvice  low  tension  fuze. 
Effects :  In  10  seconds  a  few  clear  air  bubbles 
rose;  buoy  hardly  moved. 


303 


Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 
charge,  2  pounds ;  submergence,  35  feet ;  depth  , 
of  water,  92  feet ;  case,  can  No.   1,  sawdust  I 
tamping;  ignition,  Farmer  dynamo,  1  service 
low  tension  fuze.    Effects :  NormaL 


Explosive,  mica  powder  No.  2;  ring,  4  foot; 
charge,  2  pounds;  submergence,  35  feet;  depth 
of  water,  90  feet;  case,  can  No.  1,  sawdust 
tamping;  ignition,  Farmer  dynamo,  1  service 
low  tension  fuze.  Eflects:  Clear  bubbles  rose 
in  8  seconds. 


Gauge. 


Lead  cylinder. 


Kind. 


No. 


8 


8 
8 


8 
8 


8 
8 


3 
3 


8 
8 


1 
2 
3 

4 
5 
0 
7 
8 


1 
2 
3 

4 
5 
0 
7 
8 


1 
2 
8 

4 
5 
0 
7 
8 


1 
2 
8 
4 

5 
0 

7 
8 


1 
2 
3 
4 

5 
0 

7 
8 


1 
2 
3 

4 
fi 
0 
7 
8 


Indus. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.8 

0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0  8 

a4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

a8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.8 


Inehet. 
0.213 

0.178 

0.130 

0.1S0 

0.112 

0.102 

0.070 

0.100 


0.180 
0.150 
0.195 
0.157 
a  130 
0.154 
a  121 
0.076 


0.218 
a  123 
0.104 
0.175 
0.176 
0.163 
0.125 
0.136 


0.207 
0.194 
0.209 
0.228 
0.202 
0.205 
a  146 
0.158 


0.121 
0.037 
0.052 
0.039 
0.039 
a030 
0.012 

a  014 


0.078 
0.081 
0.060 
0.065 
0.070 
0.024 
0.087 


Per  square  inch. 


Number.  Diameter!  Shorten-    Energy. 


Foatibt. 
80.13 
67.52 
42.56 
52.64 
84.50 
80.42 
0.76 
1.25 


78.74 
57.35 
77.22 
5&25 
47.06 
54.65 
1.45 
L22 


80.13 

76.64 
65.80 
66.37 
5a  42 
L51 
L71 


8&10 
7&64 
86.87 
00.04 
81.81 
83.84 
1.80 
2.16 


8.24 
12.62 
&81 
&81 
6.36 
0.07 
0.00 


21.21 
22.31 
1&08 
16.73 
2L58 
0.17 
0.80 


Pressore. 


Lbt. 
10,088 

16,570 

12,183 

14,040 

10,500 

0,728 
886 

1.162 


17,CT6 
14,862 
18.120 

14,  en 

13,026 

14,308 

1,278 

1,142 


10,038 

18,020 
16,200 
16,383 
15,217 
1,816 
1,427 


10,385 
18,020 
19,525 
21,522 
18,838 
19,145 
1,520 
1,667 


4,080 
5,305 
4,264 
4,264 
3,431 
172 
101 


7,654 
7,018 
6,884 
6,537 
7,746 
804 
451 


Bemirka 


BeCscel 


Loose  pin. 


Broke  phL 
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Details  of  experiments  with  the  Rings — Gontmaed. 


Original  num- 
ber. 

1 

Gauge. 

Lead  cylinder. 

Per  square  Inch. 

Bemarks. 

Details  of  experiment. 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

No. 

Inehet. 

Tnchst. 

FOOtrU>S. 

Lbt. 

364 

Ezploeiye«  niica  powder  No.  2;    ring,  4  foot; 

1 

0.4 

0.177 

Hammered. 

charge,  3  pounds ;  sabmergeooe,  35  feet ;  depth 

2 

0.4 

0.138 

46.50 

12,939 

of  water,  60  feet ;   case,  can  No.  1 ;  ignition. 

8 

0.4 

0.127 

41.28 

11.935 

Farmer  dynamo,  1  service  low  tension  fuze. 

4 

0.4 

0.130 

47.06 

13,026 

BiTeots:  Boil  in  8  seconds. 

5 

0.4 

0.100 

33.22 

10,328 

6 

0.4 

0.113 

34.94 

10,679 

3 

7 

0.8 

0.046 

0.38 

524 

3 

8 

0.3 

0.064 

0.49 

620 

866 

EzplosiTO,  mica  powder  Ko.  2     ring,  4  foot; 

1 

1 

0.4 

0.168 

62.08 

15,658 

charge,  4  poonds ;  submergence,  85  feet ;  depth 

1 

2 

0.4 

0.181 

69.24 

16,850 

of  water,  90  feet;   case,  can  No.  2,  sawdust 

1 

8 

0.4 

0.107 

82.42 

10,160 

tamping ;  ignition.  Fanner  dynamo,  1  service 

1 

4 

0.4 

0.142 

48.56 

13,303 

low  tension  Aise.    Effects:  Boil  in  6  seconds. 

1 

5 

0.4 

0.108 

30.85 

0,816 

1 

6 

0.4 

0.120 

38.05 

11,305 

3 

7 

0.3 

0.061 

0.45 

688 

• 

8 

8 

0.8 

0.078 

0.70 

866 

366 

Explosive,  mica  powder  Ko.  2;  ring,   4  foot; 

1 

1 

0.4 

0.149 

51.84 

13,040 

charge,  5  pounds;  submergence,  35  feet;  depth 

1 

2 

0.4 

0.142 

48.56 

18,303 

of  water,  00  feet;   case,  can  Ko.  9,  sawdust 

1 

8 

0.4 

0.120 

3&05 

11,306 

tamping;  ignition,  Fanner  dynamo,  1  service 

1 

4 

0.4 

0.120 

42.13 

12,100 

low  tension  fuse.    Effects:  Boil  appeared  in  4 

1 

5 

0.4 

0.102 

30.42 

9,728 

] 

6 

0.4 

0.142 

4&56 

13,303 

8 

7 

0.8 

0.089 

0.96 

975 

8 

8 

0.3 

0.070 

0.70 

788 

367 

Explosive,    mammoth     powder;    ring,   4  foot; 

1 

1 

0.4 

0.004 

0.22 

369 

charge,    100  pounds;    submergence,    35  feet; 

1 

2 

0.4 

0.009 

0.17 

804 

depth  of  water,  00  feet;   case,  24-gallon  keg, 

1 

8 

0.4 

0.008 

0.17 

804 

with  diaphragm,  air  up ;  ignition,  Farmer  dy- 

1 

4 

0.4 

0.002 

0.11 

232 

namo,  1  ser^'ice,  low  tension  ftize.  Effects :  Dome 

1 

5 

0.4 

0.004 

0.22 

369 

dark  with  nnbumed  grains  rose  to  surfkce. 

1 

6 

0.4 

0.004 

0.22 

369 

8 

7 

0.4 

0.001 

0.001 

10 

8 

8 

0.4 

0.001 

0.001 

10 

868 

Explosive,  cannon  powder ;  ring,  4  foot ;  charge, 

1 

1 

0.4 

0.020 

1.42 

1,262 

100  pounds;   submergence,  35  feet;  depth  of 

1 

2 

0.4 

0.014 

0.04 

053 

water,  00 feet;  case,  24-giillon  keg,  diaphragmed, 

1 

3 

0.4 

0.019 

1.34 

1,211 

air  up ;  ignition,  Farmer  dynamo,  1  service  low 

1 

4 

0.4 

0.010 

0.64 

742 

tension  fuse.    Effects:  Small  jet. 

1 

5 

0.4 

0.024 

1.80 

1,476 

1 

6 

0.4 

0.005 

0.28 

428 

8 

7 

0.4 

0.004 

0.002 

15 

8 

8 

0.4 

0.009 

0.004 

26 

860 

Explosive,  Oliver  powder;  ring,  4  foot;  charge. 

9 

1 

1 

0.4 

0.004 

0.22 

360 

72i  pounds;  submergence,  35  feet;   depth  of 

1 

2 

0.4 

0.003 

a  17 

304 

water,  00  feet ;  case,  24-gBllon  keg,  diaphragmed, 

1 

3 

0.4 

0.003 

0.17 

304 

air  up;  ignition.  Farmer  dynamo,  1  service 

1 

4 

0.4 

0.001 

0.06 

146 

low  tension  fuze.    Effects:  A  brown,  unglased 

1 

6 

0.4 

0.003 

0.17 

804 

powder ;  mixture  of  grades  f.  f.  and  f .  f.  f . ;  Jet 

1 

6 

0.4 

0.002 

0.11 

232 

dark  with  unbumed  powder. 

8 

7 

0.4 

0.002 

0.001 

11 

8 

8 

0.4 

0.001 

0.001 

0 
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APPBiroiX   A. 


Details  of  es^^erimentt  with  the  £tn;«— Gontinaed. 


1 

i 
5 

Gauge. 

Lead  cylinder. 

• 

Per  square  inch. 

Benaiks. 

Details  of  experiment. 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

Ko, 

Inehet. 

IneKeM. 

FootMu. 

Lbt. 

370 

ExploBive,  morter  powder;  riiif(,  4  foot;  charge, 

1 

1 

0.4 

Mislaid. 

100  pounds;  sabmergence,  36  feet;   depth  of 

1 

2 

0.4 

0.008 

10.61 

4,824 

1 

wftter,  00  feet ;  case,  24-gallon  keg,  diaphragmed. 

1 

8 

0.4 

0.008 

10.30 

4,731 

1 

air  up ;  ignition,  Farmer  dynamo,  1  service  low 

1 

4 

0.4 

0.058 

6.34 

3,058 

tension  ftize.     Effects:   Normal. 

1 

5 

0.4 

0.081 

&25 

4,070 

' 

1 

6 

0.4 

0.082 

&38 

4,121 

871 

Fixed  under  wooden  target.— See  Appendix  C. 

8 

7 

0.4 

0.031 

0.018 

67 

1 

to 

3 

8 

0.4 

0.052 

0.035 

107 

877 

878 

Exploaive,    mica  powder  "So.  1;    ring,  4  foot; 

1 

1 

0.4 

0.054 

18.21 

6,676 

charge,  1  poond;  sabmergence,  35  feet;  depth 

1 

2 

a4 

0.087 

24.44 

8.416 

of  water,  75  feet;  case,  faxe  can,  full;  ignition, 

1 

8 

0.4 

0.071 

1&75 

7,053 

Farmer  dynamo,  1  service  low  tension  fuze. 

I 

4 

0.4 

0.063 

I&IO 

6.370 

EfTecU:  NormaL 

1 

5 

a4 

0.055 

13L50 

5,666 

1 

6 

a4 

0.045 

10.46 

4,776 

8 

7 

0.3 

0.018 

0.08 

182 

8 

• 

8 

0.8 

0.085 

0.27 

337 

370 

Explosive,  mica  powder  Ko.   1;   ring,  4  foot; 

1 

1 

0.4 

0.223 

Hammered. 

charge,  2  pounds;  submergence,  35  feet;  depth 

1 

2 

0.4 

0.130 

47.06 

18,026 

of  water,  75  feet ;  case,  can  No.  1,  sawdust  tamp- 

1 

8 

0.4 

0.111 

84.06 

10,501 

ing;   ignition,  Farmer  dynamo,  1  service  low 

1 

4 

0.4 

0.113 

34.04 

10,670 

tension  fuze.    Effocto :  Normal. 

1 

5 

0.4 

0.000 

20.13 

0,460 

1 

6 

0.4 

0.005 

27.44 

0,002 

3 

7 

0.8 

0.064 

a  61 

721 

8 

8 

0.8 

0.054 

0.40 

620 

880 

Explodve,    mica  powder  No.  1;   ring,  4  foot; 

1 

1 

0.4 

a248 

Hammered. 

charge,  3  pounds;  submergence,  35  feet;  depth 

1 

2 

0.4 

a  137 

46.18 

12,851 

of  water,  75  feet;  case,  can  No.  1;  ignition, 

1 

8 

0.4 

0.151 

53.14 

14,128 

Fftrmer  dynamo,  1  service  low  tension  fuze. 

1 

4 

0.4 

0.150 

62.64 

14,040 

Effects:  Socket  of  gauge  No.  2  broken  by  grad- 

1 

6 

0.4 

0.110 

87.60 

11.215 

ual  warping  of  ring. 

1 

0 

0.4 

0.138 

46.60 

12,830 

' 

8 

7 

0.3 

0.075 

0.76 

825 

8 

8 

0.8 

0.000 

0.08 

066 

381 

Explosive,   mica  powder  No.  2;   ring,  4  foot; 

1 

1 

0.4 

0.172 

64.18 

16,018 

charge,  4  pounds;  submergence,  35  feet;  depth 

1 

2 

0.4 

0.151 

63.14 

14,128 

of  water,  75  feet ;  esse,  can  No.  2,  sawdust  tamp- 

1 

3 

0.4 

0.131 

43.00 

12,282 

■ 

ing;   ignition,  Farmer  dynamo,  1  service  low 

1 

4 

0.4 

0.146 

50.42 

13.678 

1 

1 

5 

0.4 

0.131 

48.00 

12,282 

' 

4-pound  charge. 

1 

0 

0.4 

0.183 

44.14 

12,470 

3 

7 

a8 

ao6i 

0.50 

701 

8 

8 

0.3 

a068 

0.06 

075 

382 

Explosive,  mica  powder  No.   2;   ring,  4  foot; 

1 

0.4 

0.160 

58.64 

14,040 

charge,  5  pounds;  submergence,  35  feet;  depth 

2 

0.4 

0.143 

40.08 

18,307 

of  water,  75  feet ;  case,  con  No.  2,  sawdust  tamp- 

3 

0.4 

0.132 

43.62 

12,381 

ing;  ignition,   Farmer  dynamo,  1  service  low 

4 

0.4 

0.144 

40.60 

13,402 

tension  ftize.    EfTecto:  Yellow  dome ;  buoy  ris- 

5 

0.4 

0.125 

4a  42 

11,770 

ing  3  feet. 

6 

0.4 

0.120 

38.05 

11,305 

8 

7 

0.8 

0.000 

LIO 

1,062 

8 

8 

0.8 

ao83 

0.86 

806 
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Details  of  experiments  with  the  Rings — Continaed. 


•3    »^ 

Details  of  experiment. 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

Bemarks. 

Origtna 
be 

Khid. 

Number. 

Diameter. 

Shorten- 
ing- 

Energy. 

Pressure. 

No. 

Ineheg. 

Inches. 

Foot-lbt. 

Lb». 

388 

Exploaive,  niicapowfler  No.  2 ;  ring,  4  foot ;  charge, 

1 

0.4 

0.144 

49.60 

13,402 

SponndB;  anbmergence,  35  feet;  depth  of  water, 

2 

0.4 

0.139 

47.06 

13,  026 

75  feet ;  ease,  can  No.  2,  sawdust  tamping ;  igni- 

3 

0.4 

0.123 

39.47 

11.584 

tion.  Farmer  dynamo,  1  service  low  tension  faze. 

4 

0.4 

0.134 

44.67 

12,578 

Effects:  Like  the  last. 

5 

0.4 

0.129 

42.13 

12,100 

6 

a4 

0.121 

38.52 

11.398 

3 

7 

0.8 

0.007 

L07 

1,044 

3 

8 

0.3 

0.089 

0.96 

975 

384 

Ezplosive,  mioa  powder  Ko.  1 ;  ring,  4  foot ;  charge, 

1 

1 

0.4 

0.208 

85.74 

19.430 

4  pounds;  submergence,  35  feet;  depth  of  water, 

1 

2 

0.4 

0.199 

79.81 

18,624 

75  feet ;  case,  can  Ko.  2,  sawdust  tamping ;  igni- 

1 

3 

0.4 

0.145 

50.12 

13,587 

tion.  Farmer  dynamo,  1  service  low  tension  fuze. 

1 

4 

0.4 

0.177 

66.95 

16,477 

Effects:  Kormal. 

1 

5 

0.4 

0.152 

53.64 

14,216 

1 

6 

0.4 

0.138 

46.69 

12.939 

3 

7 

0.3 

0.005 

1.04 

1,026 

8 

8 

0.8 

0.099 

1.10 

1,062 

385 

Explosive,  mica  powder  Ko.  1 1  ring,  4  foot ;  charge. 

1 

1 

0.4 

0.181 

60.24 

16,850 

4  pounds ;  submergence,  35  feet ;  depth  of  water. 

1 

2 

0.4 

0.162 

58.91 

15,130 

75  feet :  case,  can  Ka  2,  sawdnst  tamping ;  igni- 

1 

3 

0.4 

0.149 

5L34 

18,049 

tion,  Farmer  dynamo,  1  service  low  tension  fuze. 

1 

4 

0.4 

0.174 

65.26 

16,199 

Effects:  KormaL 

1 

5 

0.4 

0.148 

61.03 

13,850 

1 

6 

0.4 

0.134 

44.67 

12, 578 

*■  •"• 

3 

7 

0.3 

0.073 

0.73 

810 

. 

8 

8 

0.3 

0.064 

0.61 

721 

380 

Explosive,  mica  powder  No.  1 ;  ring,  4  foot ;  charge, 

1 

1 

0.4 

0.218 

92.74 

20,474 

5  pounds ;  submergence,  35  feet ;  depth  of  water, 

1 

2 

0.4 

0.152 

53.64 

14, 216 

75  feet ;  case,  can  No.  2,  sawdust  tamping ;  igni- 

1 

8 

0.4 

• 

0.193 

76.05 

17,938 

tion,  Farmer  dynamo,  1  service  low  tension  fuze. 

1 

4 

0.4 

0.205 

83.84 

19,145 

Eifects:  Kormal. 

1 

5 

a4 

0.185 

7L52 

17,220 

1 

6 

0.4 

0.190 

74.30 

17,665 

8 

7 

0.3 

0.091 

0.90 

994 

3 

8 

0.3 

0.116 

L36 

1,227 

387 

Explosive,  musket  powder;  ring,  4  foot;  charge, 

1 

1 

0.4 

0.075 

7.42 

3,802 

100  pounds;   submergence,  35  feet;  depth  of 

1 

2 

0.4 

0.063 

5.96 

3.283 

water,  75  feet ;  case,  24-gallon  keg,  diaphragmed, 

1 

3 

0.4 

0.126 

15.11 

6,106 

air  up ;  ignition,  Farmer  dynamo,  1  service  low 

1 

4 

0.4 

0.058 

5.34 

3,058 

tension  ftize.    Effects:  Fine  jet 

1 

5 

0.4 

0.101 

11.06 

4.961 

Last  shot  of  season  (October  28,  1874). 

1 

6 

0.4 

0.099 

10.76 

4,871 

• 

3 

7 

0.3 

0.046 

0.016 

61 

888 

Fired  near  iron  target  or  in  crate.— See  Appendices 

3 

8 

0.3 

0.144 

0.071 

172 

to 
899 

BandC. 

% 

400 

Explosive,  granulated  gun-cotton,  wet;   ring,  4 

1 

0.4 

0.150 

52.64 

14,040 

footv  charge,  1.6  pounds ;  submergence,  35  feet; 

2 

0.4 

0.130 

42.56 

12,183 

depth  of  water,  53  feet ;  case,  can  Ko.  1,  full ; 

1 

8 

0.4 

0.120 

38.05 

11, 305 

Ignition,  Smith's  battery,  1  Abel  faze,  and  | 

4 

0.4 

0.094 

27.07 

9.009 

ounce  dry  gun-cotton ;  total  weight,  including 

— 

5 

0.4 

0.083 

23.00 

8,080 

water.   2   pounds;    1  fuze  failed   to   explode. 

1 

6 

0.4 

0.080 

21.06 

7,836 

Effects:  SmaU  boil. 

3 

7 

0.3 

0.056 

0.52 

643 

First  shot  of  season  (August  4, 1876). 

3 

8 

0.3 

0.081 

0.84 

887 

If 0.23 50 
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APPENDIX  A. 


Details  of  experimenU  with  ike  £<ii^«-*Gontiiiaed. 


a 


¥ 


401 


402 


403 


404 


405 


400 


Details  of  experiment. 


EzplotiTe,  inwiiilftted  gnn-ootton,  wet;  ring,  4 
foot;  charge,  2.4  pounds ;  submergence,  35  feet; 
depth  of  water,  53  feet ;  case,  can  No.  2,  aawdnst 
tamping ;  ignition.  Smith's  battery.  1  Abel  fhie, 
and  I  ounce  dry  gun-cotton  ;  weight  of  charge, 
Including  water,  8  pounds.    EflTects :  Normal. 


Bxploeiye,  gnumlated  gun-cotton,  wet;  ring,  4 
foot ;  charge,  2.4  pounds ;  submergence,  85  feet ; 
depth  of  water.  53  feet ;  case,  can  No.  2,  sawdust 
tamping ;  ignition.  Smith's  battery,  1  Abel  ftise, 
and  I  ounce  dry  gun-cotton;  charge,  including 
water,  weighs  8  pounds.    Sffects :  Small  boil. 


ExplosiTC,  granulated  gun-cotton,  wet;  ring,  4 
foot ;  charge,  2.4  pounds ;  snbmei^ence,  85  feet ; 
d  pth  of  water,  53  feet ;  case,  rubber  bag ;  igni- 
tion. Smith's  bat4ery,  1  Abel  fhae,  and  |  ounce 
dry  gun-cotton ;  total  charge,  inolndiog  water, 
weighs  3  pounds.  Eifects :  Fuse  faUedf  to  ex- 
plode on  first  trial ;  second  one  went. 


Bxplosiye,  granulated  gun-cotton,  wet;  ring,  4 
foot ;  charge,' 8.2  pounds;  submergence,  85  feet; 
depth  of  water,  58  feet ;  case,  can  No.  2.  sawdust 
tamping ;  ignition.  Smith's  battery,  1  Abel  ftixe, 
and  I  ounce  dry  gun-cotton ;  total  charge  weighs 
4  pounds,  including  water.  Effects :  Three  itises 
fkiled  in  succession ;  tested  again  in  laboratory 
they  all  fUled  with  an  inch  spark,  but  exploded 
with  40-cell  battery  or  Farmer  dynamo. 

Explosive,  dynamite  Na  1,  loose;  ring,  4  foot; 
charge, 8  pounds;  submergence,  85 feet;  depth 
of  water,  05  feet;  case,  can  No.  1;  ignition, 
Farmer  dynamo  and  1  service  low  tension  fuse ; 
charge  received  from  California  5  years  before. 
Effects:  NormaL 


Explosive,  dynamite  Na  1,  loose;  ring,  4  foot; 
charge,  8  pounds;  submergence,  85  feet;  depth 
of  water,  05  feet ;  case,  can  Na  1 ;  ignition.  Far- 
mer dynamo,  1  service  low  tension  fuse ;  charge 
received  fhmi  California  5  years  before. 
Effects:  Normal. 


Gauge. 


Kind. 


No. 
1 

1 

1 

1 

1 

1 

8 

8 


1 
1 
1 
1 
1 
1 
8 
8 


1 
1 
1 
1 
1 
1 
8 
8 


1 
1 
1 
1 
1 
1 
8 
8 

1 
1 
1 
1 
1 
1 
3 
3 


Number. 


1 
2 
8 
4 

6 
6 
7 
8 


1 
2 

8 

4 
5 
0 
7 
8 


1 
2 
8 

4 
5 
0 
7 
8 


1 
2 
8 

• 

4 
5 
6 


1 
2 
8 
4 
5 
6 
7 
8 

1 
2 
8 

4 
5 
0 
7 
8 


Lead  cylinder. 


Diameter.  SJ»«rt««* 
ing. 


Indus, 
a4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.8 

0.8 


0.4 
0.4 
0.4 
0.4 
0.4 

a4 

0.8 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.8 

a4 

0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.8 


InA§$. 
0.153 

0.140 

0.113 

0.122 

0.002 

0.088 

alio 
a  070 


0.182 
0.100 
0.007 

a  100 

0.076 
0.070 
0.075 
0.068 


0.143 
0.148 
0.186 
0.162 
a058 

0.099 
0.066 


0.144 
0.168 
a  186 
0.136 
0.127 
0.120 


0.172 
0.247 
0.181 
0.181 
0.164 
0.171 
0.122 
a008 

0.109 
0.190 
a  187 
0.160 
0.156 
0.169 
0.167 
a  114 


Per  square  inch. 


Energy. 


54.15 
47.58 
84.94 
89.00 
26.82 
2&71 
1.27 
0.70 


48.62 
29.55 
28w28 
29.55 
20.46 
1&42 
a  75 
0.67 


48.56 
40L08 
4&66 
58.91 
14.49 


1.10 
0.64 


40.60 
50.42 
45.66 
45.66 
41.28 
38.05 


64.18 

114.20 

69.24 

69.24 

50.92 

63.64 

1.46 

L02 

62.57 
74.30 
72.63 
57.90 
55.70 
62.57 
2.34 
L33 


Xte. 
14,304 

13,113 

10,670 

11,491 

8,841 

9.868 

1.172 

788 


12,881 
9,552 
0.276 
9,563 
7.478 
6,071 
825 
764 


18,808 
13,897 
12,764 
15,180 
5,938 

1,062 
730 


13,492 
15,217 
12,764 
12,764 
11,035 
11,305 


16,018 
23,531 
16,850 
16,850 
15,303 
15,028 
1,887 
1,010 

16,748 
17,665 
17,398 
14,957 
14,575 
15,748 
1,760 
1,806 


Broke  pin. 


Tipped  oTtf. 
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Details  of  ea^erimmti  wi^  the  Ring* — Gontiiiaed. 


i 

-0 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

1% 

Details  of  ex]»«riment. 

*■ 

Ttamarks. 

1 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

• 

Jfo 

Iwlhu, 

In^ket. 

FooiAh%, 

Lbt, 

407 

BxplotiTe,  dynamite  No.  1,  loose ;  ring,  4  foot} 

1 

1 

0.4 

0.209 

8a  37 

19,585 

chante,  8  ponnda;  tnlmiergeiice,  35  foet ;  depth 

1 

2 

0.4 

0.264 

128.00 

25,382 

of  water,  85  feet;  eaae,  can  No.  1  fall;  ignition, 

1 

3 

0.4 

0.172 

64.18 

16,018 

Fanner  dynamo,  1  aerrioe  low  tension  ftise; 

1 

4 

0.4 

0.168 

80.96 

15,479 

charge  received  fhun  New  Jersey  three  yeara 

1 

5 

0.4 

ai5i 

63.14 

14,128 

before.    Effeota:  Normal;  bfroke  cap  of  No.  4 

1 

6 

0.4 

a  152 

63.64 

14,216 

gange. 

8 

7 

0.8 

0.183 

1.65 

1,398 

8 

8 

0.8 

0.081 

0.90 

904 

408 

Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 

1 

1 

0.4 

0.170 

6a  10 

16,864 

charge,  3  pounds;  sabmergenoe,  35  feet;  depth 

1 

2 

0.4 

0.210 

87.00 

19,820 

• 

of  water,  65  feet;  case,  can  No.  1,  ftill;  igni- 

1 

8 

0.4 

0.163 

59.42 

15,217 

tion.  Farmer  dynamo,  1  serrioelow  tension  flue; 

1 

4 

0.4 

0.161 

5a  41 

15,044 

charge  received  ftom  New  Jersey  three  years 

1 

5 

0.4 

0.166 

60.96 

15^479 

before.    Effects:  Broke  socket  of  wire  rope. 

1 

6 

0.4 

0.167 

5a  25 

14,671 

8 

7 

0.8 

a  121 

1.45 

1,278 

8 

8 

0.8 

0.008 

1.08 

1,063 

400 

Explosive,  dynamite  No.  1,  loose;  ring,  4  foot; 

1 

1 

0.4 

0.176 

8a87 

1^883 

charge,  3  poonds ;  snbmergence,  35  feet ;  depth 

1 

2 

0.4 

0.184 

70.96 

17,127 

of  water,  85  feet;  case,  can  No.  1,  fall;  Igni* 

1 

8 

0.4 

0.185 

7L52 

17,220 

tion.  Farmer  dynamo,  1  service  low  tension  fiixe ; 

1 

4 

0.4 

0.191 

74.88 

17,758 

chargejastreceived  from  New  Jersey.   Effects : 

1 

5 

0.4 

0.171 

68.64 

15,928 

Broke  cap  of  No.  3  gaage. 

1 

6 

0.4 

0.159 

57.85 

14,862 

8 

7 

0.8 

0.106 

L21 

1,132 

8 

8 

0.8 

0.101 

L18 

1,081 

410 

Bxploalve,  dynamite  No.  1,  loose;  ring,  4  foot; 

1 

1 

0.4 

0.179 

6a  10 

16,864 

charge,  3  poonds ;  sabmergenoe,  35  feet;  depth 

1 

2 

0.4 

0.179 

8a  10 

16,664 

of  water,  85  feet;  case,  can  No.  1,  Itill;  igni- 

1 

8 

a4 

0.162 

saoi 

15,130 

tion.  Farmer  dynamo,  1  service  low  tension  flize ; 

1 

4 

0.4 

0.179 

oaio 

16,664 

cliarge  Jost  reoelved  from  New  Jersey.   Effects ; 

1 

5 

0.4 

0.146 

50.12 

18,587 

Normal. 

1 

6 

0.4 

0.146 

50.42 

13,878 

8 

7 

0.8 

0.109 

L25 

1,162 

8 

8 

0.3 

0.117 

L38 

1,237 

411 

Exploaive,  granulated  gun-cotton,  wet;  ring,  4 

1 

1 

0.4 

0.188 

4a  60 

12,939 

foot;  charge, 2.4 pounds;  sabmergenoe, 35 feet; 

1 

2 

0.4 

a  176 

8a87 

16.888 

depth  of  water,  85  feet;  case,  rubber  bag;  igni- 

1 

8 

0.4 

0.144 

4a  80 

13,492 

tion,  Farmer  dynamo,  1  Abel  flise,  and  |  ounce 

1 

4 

0.4 

0.137 

4a  18 

12,851 

dry  gun-cotton ;  total  charge  weighs  3  poimds. 

1 

5 

0.4 

0.124 

8a  95 

11,877 

including  water.    Effects:  Normal. 

1 

6 

0.4 

0.129 

42.13 

12,100 

8 

7 

0.8 

0.097 

1.07 

1,044 

8 

8 

0.8 

0.098 

1.02 

1,010 

412 

Explosive,  granulated  gun-cotton,  wet;  ring,  4 

1 

0.4 

0.181 

5a  41 

15,044 

foot;  charge,  1.6 pounds;  snbmeigence,  35  feet; 

2 

0.4 

0.184 

Two  pin  marks. 

depth  of  water,  86  feet;  case,  can  No.  1,  fliU; 

3 

0.4 

0.127 

41.28 

11,985 

ignition.  Farmer  dynamo,  1  Abel  fuse,  and  | 

4 

0.4 

0.116 

8a  27 

10,947 

ounce  of  dry  gun-cotton;    charge,   including 

5 

0.4 

0.093 

2a  69 

8,925 

water,  weigba  3  pounds.    Effects:  Normal. 

\ 

6 

0.4 

0.007 

28.28 

9,278 

7 

0.8 

0.078 

0.79 

856 

8 

0.8 

0.063 

aoo  . 

714 

I 
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APPENDIX  A. 


DetaUs  of  ea^fervnents  toitii  the  Binga — Gontmoed. 


1 

a 

d 

Gangs. 

Lead  cylinder. 

Per  squaxe  inch. 

Original 
ber. 

Details  of  experiment. 

Ti'tn*^^ 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 
Foot-UM. 

Pressure. 

No, 

Inehea. 

Lb§. 

1 

413 

Explosive,  frranulated  gran-cotton,  wet;   ring,  4 

1 

1 

0.4 

0.182 

43.62 

12,381 

foot;    charge,    8.2  pounds;    submergence,    85 

1 

2 

0.4 

0.147 

50.73 

13,678 

feet ;  depth  of  water,  65  feet ;   cose,  can  No.  2, 

1 

3 

0.4 

0.143 

49.08 

13.397 

sawdust  tamping ;  ignition,  Fanner  dynamo.  I 

1 

4 

0.4 

0.170 

63.10 

15,837 

Abel  faze,  and  |  ounce  dry  gun-cotton ;  charge 

1 

5 

0.4 

0.128 

89.47 

11,584 

weighs,  including  water,  4  pounds.     ISfTeots: 

1 

6 

0.4 

0.113 

84.94 

10,679 

Normal. 

8 

7 

a3 

0.101 

LIS 

1,081 

I 

8 

8 

0.3 

0.083 

0.87 

* 

910 

1 

4M 

Explofdye,  granulated  gun-cotton,  wet;  ring,  4 

1 

1 

a4 

0.153 

54.15 

14,303 

1 

fbot;  charge,  4  pounds;  submergence,  36  feet; 

1 

2 

0.4 

0.191 

74.88 

17.756 

1 

1 

depth  of  water,  65  feet ;  case,  can  No.  2,  full ; 

1 

3 

0.4 

0.166 

60.96 

15,479 

• 
1 

ignition.  Farmer  dynamo,  1  Abel  fuze,  and  } 

1 

4 

0.4 

0.166 

60.96 

15^479 

oQi^ce  dry  gun-cottuu ;  charge,  including  water. 

1 

5 

0.4 

0.088 

24.8? 

8,502 

weighs  5  pounds.   Effects :  Normal.    Fired  du- 

1 

6 

0.4 

0.074 

19.75 

7,300 

plicate  shot.    The  wet  gun-cotton  £B.iled  to  be 

8 

7 

0.3 

0.119 

L41 

1,258 

1 

exploded  by  the  dry  primer,  and  was  recovered 

8 

8 

0.8 

0.101 

L13 

1.061 

in  the  can  torn  open  by  the  latter. 

415 

Explosive,  disc  gun-cotton,  wet;    ring,  4  foot; 

1 

1 

0.4 

0.015 

2.74 

1.957 

charge,  2  pounds ;  submergence,  35  feet ;  depth 

1 

2 

0.4 

0.020 

3.87 

2,463 

of  water,  62  feet;  case,  can  No.  1,  ftill;   igni- 

1 

3 

0.4 

0.013 

2.34 

1,762 

tion,  Farmer  dynamo,  1  Abel  ftize,  and  1}  ounces 

1 

4 

0.4 

0.024 

4.tM 

2.855 

dry  gun-cotton;  this  gun-cotton  was  charged 

1 

5 

0.4 

0.014 

2.54 

1.860 

1 

1 

with  27  per  cent,  of  fresh  water,  and  the  can 

1 

6 

0.4 

0.013 

2.34 

1,762 

was  tight.   Effects:  Theexplosion  was  only  par- 

8 

7 

0.8 

0.005 

0.03 

96 

p 

tial 

8 

8 

as 

0.002 

0.02 

52 

1 

416 

Explosive,  disc  gnu-cotton,  wet;    ring,  4  foot; 

1 

1 

0.4 

0.015 

2.74 

1,957 

charge,  2  pounds ;  submergence,  35  feet ;  depth 

1 

2 

0.4 

0.018 

3.42 

2.261 

- 

of  water,  62  feet ;  case,  can  No.  1,  full ;  iguition, 

1 

3 

0.4 

0.012 

2.13 

1,651 

Farmer  dynamo,  1  Abel  fuze,  and  1|  ounces  dry 

1 

4 

0.4 

a  012 

2.13 

1,651 

gun-cotton ;  this  gun-cotton  was  charged  with 

•    1 

5 

0.4 

0.013 

2.34 

1,762 

27  per  cent,  of  fresh  water,  and  the  can  was 

1 

6 

0.4 

0.009 

L54 

883 

1 

8 

7 

0.3 

...... 

Lost. 

8 

8 

0.3 

0.003 

0.02 

69 

417 

Explosive,  gun-cotton,  dry;  ring,  4  foot;  charge. 

1 

0.4 

0.124 

39.95 

11,677 

2  pounds;    submergence,  35   feet;    depth    of 

2 

0.4 

0.143 

49.08 

13,397 

wati'r,  62  feet ;  case,  can  No.  1,  full ;  ignition, 

3 

0.4 

0.116 

36.27 

10,949 

1 

Farmer  dynamo^  1  Abel  fuze.    Effects:  Nor- 

4 

0.4 

0.128 

41.70 

12,018 

I 

mal. 

5 

0.4 

0.109 

83.22 

10,328 

6 

0.4 

0.083 

23.00 

8,080 

3 

7 

0.3 

0.078 

0.79 

856 

3 

8 

0.3 

0.066 

0.64 

739 

418 

Explosive,  gun-cotton,  dry ;  ring,  4  foot ;  charge, 

1 

0.4 

0.123 

39.47 

11,581 

2  pounds;  submergence,  35  feet;  depth  of  water, 

2 

0.4 

0.100 

29.55 

9,552 

( 

62  feet ;  cast*,  can  No.  1,  full ;  ignition,  Farmer 

1        1         3 

0.4 

0.138 

46.50 

12,939 

dynamo,  1  Abel  fuze.    Effects :  Normal. 

1                 4 

0.4 

0.146 

50.42 

13,678 

5 

0.4 

0.108 

30.85 

9,816 

6 

0.4 

0.107 

32.42* 

10,160 

1 

3 

7 

0.3 

0.078. 

0.79 

856 

3 

8 

0.3 

0.076 

0.76 

835 

1 
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Details  of  experiments  with  ike  Rings — Gontinaed. 


• 

i 

DeUUa  of  experimoit. 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

Bemarka. 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

No. 

Inehe$. 

FooUJbt. 

Lbi. 

419 

SxplosiTe,  gun-cotton,  wet;  ring,  4  foot;  charge, 

1 

1 

0.4 

a  188 

78.74 

17,676 

4  pounds ;  submergence,  35  feet ;  depth  of  water, 

1 

2 

0.4 

0.228 

96.33 

21,002 

82  feet;  case,  can  No.  2,  ftill;  ignition,  Farmer 

1 

8 

0.4 

0.187 

72.63 

17,398 

dynamo,   1  service  low  tension  fuse,  and  If 

1 

4 

0.4 

0.205 

83.84 

19,145 

ounces  dry  gun-cotton ;  charge  contained  25  per 

1 

5 

0.4 

0.100 

62.57 

15,748 

cent,  of  fresh  water.    BiTects:  Buoy  shot  up  5 

1 

6 

0.4 

0.167 

61.50 

15,569 

feet,  and  fell  over  on  a  large  dome  of  water 

3 

7 

0.3 

0.175 

2.50 

1,841 

rising  around  it. 

8 

8 

0.3 

0.118 

1.39 

1.248 

• 

420 

Szploeive,  dynamite  No.  1;  ring,  4  foot;  charge. 

1 

1 

0.4 

0.220 

100.67 

21,626 

3  pounds ;  submergence,  35  feet ;  depth  of  water, 

1 

2 

0.4 

0.229 

100.67 

21,626 

32  feet;  case,  rubber  bag;  ignition,  Farmer 

1 

8 

0.4 

0.210 

87.00 

19,620 

• 

dynamo,  1  service  low  t«*nsion  ftize.    BlTeots: 

1 

4 

0.4 

0.188 

70.88 

17,035 

Normal. 

1 

6 

0.4 

0.171 

63.64 

15,928 

1 

6 

0.4 

0.136 

4&66 

12,704 

3 

7 

0.8 

a  188 

L65 

1,398 

* 

8 

8 

0.8 

0.U8 

L89 

1.248 

421 

JExplosive,  dynamite  Ko.  1 ;  ring,  4  foot;  charge, 

1 

0.4 

ai77 

66.95 

16,477 

3  pounds ;  submergence,  35  feet ;  depth  of  water, 

2 

0.4 

0.199 

79.81 

18.524 

62  feet;  case,  rubber  bag;   ignition.  Farmer 

3 

0.4 

0.199 

79.81 

18,524 

dynamo,  1  service  low  tension  fuxe.    Effects: 

4 

0.4 

0.207 

85.10 

19,335 

Normal. 

5 

0.4 

0.160 

57.90 

14,957 

6 

0.4 

0.151 

58.14 

14,128 

3 

7 

0.8 

0.183 

L65 

1,398 

3 

8 

0.8 

0.116 

1.36 

1,227 

422 

Explosive,  dynamite  No.  1;  ring,  4  foot;  charge, 

1 

1 

0.4 

0.137 

• 

46.18 

12,851 

3  pounds;  submergence,  35  feet;  depth  of  water, 

1 

2 

0.4 

0.177 

66.95 

16,477 

82  feet;  case,  can  No.  1,  full;  ignition.  Farmer 

1 

8 

0.4 

0.160 

62.  C4 

14.040 

dynamo,  1  service  low  tension  fuse.    Gauge- 

1 

4 

0.4 

a  191 

74.88 

17,756 

1 

6 

0.4 

0.139 

47.06 

13.026 

inches.    Effects:  Normal. 

1 

6 

0.4 

0.145 

60.12 

13,587 

3 

7 

0.8 

0.U5 

L84 

1,217 

8 

8 

0.8 

0.105 

L19 

1,122 

423 

Explosive,  dynamite  No.  1;  ring,  4  foot;  charge,  8 

1 

1 

0.4 

0.142 

4a  56 

18,803 

pounda;  submergence,  35  feet;  depth  of  water. 

1 

2 

0.4 

0.202 

81.81 

18,838 

62  feet;  esse,  can  No.  1,  ftill;  ignition.  Farmer 

1 

3 

0.4 

0.164 

59.92 

15,303 

dynamo,  1  service  low  tension  fttxe.    Gauge- 

1 

4 

a4 

0.175 

65.80 

16,290 

pins  lengthened  from  1.5  inches  (usual)  to  2.0 

1 

6 

a4 

0.139 

47.06 

13,026 

inches.    Effects:  Normal. 

1 

6 

0.4 

0.115 

35.82 

10,857 

8 

7 

0.8 

0.135 

L69 

1,418 

8 

8 

0.3 

0.106 

L21 

1,182 

424 

Explosiye,  dynamite  No.  1;  ring,  4  foot;  charge, 

1 

1 

0.4 

ai39 

47.06 

13,026 

Badly  Jammed. 

3  pounds ;  submergence,  36  feet ;  depth  of  water. 

1 

2 

0.4 

0.186 

72.08 

17.309 

82  feet:  case,  can  No.  1,  full;  ignition.  Farmer 

1 

3 

0.4 

0.154 

54.65 

14,892 

dynamo,  1  service  low  tension  fuze.    Gauge- 

1 

4 

0.4 

0.170 

63.10 

15,837 

pins  lengthened  fh>m  1.6  inches  (usual)  to  2 

1 

6 

0.4 

0.149 

5L34 

13,949 

inches.    Effects:  Normal. 

1 

6 

a4 

0.089 

25.19 

8,688 

• 

8 

7 

0.8 

0.113 

1.31 

1,199 

8 

8 

0.8 

0.181 

L62 

1,877 

• 
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BetaUt  of  ei^erimmts  with  (A«  Bingt — Gontinaed. 


• 

Detaila  of  experlmeDt. 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

Remsiki. 

mM 

^m    ^^ 

Kind. 

Number. 

Diameter. 

Shorten- 

Energy. 

Pressure. 

■ 

O 

ing. 

1 

No, 

Jnchet. 

Ineheg. 

l*oo(-0«. 

X6t. 

426 

ExploAiTe,  dynunite  Xo.  1;  ring.  4  foot;  ohftrge, 

1 

1 

0.4 

0.198 

7&05 

17,988 

8  pounds;  snbmergenoe,  85  feet;  depth  of  water, 

J 

2 

0.4 

0.179 

08.10 

10^004 

02  feet;  cue,  can  No.  1,  full;  ignition,  Fanner 

8 

0.4 

0.172 

04.18 

10.018 

dynamo,  1  aervioe  low  tension  fase.    Ganges  1, 

4 

0.4 

0.149 

5L34 

13,919 

1 
1 

8, 5,  Dsnal  pins;  gauges  2, 4, 0,  pins  2  Inches  long. 

6 

0.4 

0.109 

02.57 

15,748 

i 

1 

Effects:  Kormal. 

8 

0.4 

0.184 

44.07 

18,878 

1 

( 

7 

0.8 

0.127 

L55 

1,880 

1 

8 

0.8 

0.101 

1.13 

1,061 

420 

EzploalTe,  dynamite  No.  1 ;  ring,  4  foot;  charge,  3 

1. 

1 

0.4 

0.190 

77.87 

18,221 

ponnds;  submergence,  86  feet;  depth  of  water, 

2 

0.4 

0.287 

100.00 

22,405 

02  feet;  ease,  can  No.  1,  f^;  Ignition,  Farmer 

8 

0.4 

0.184 

70.96 

17,127 

dynamo,  1  service  low  tension  faze.    Ganges  1, 

4 

0.4 

0.109 

02.57 

15^748 

1 

8, 6,  nsoal  pins  (1.5  inches) ;  ganges  2,  4  8,  pins  2 

6 

0.4 

a  174 

05w20 

10^199 

inches  long.    Effects:  NormaL 

8 

0.4 

0.144 

49.00 

13,492 

7 

0.8 

a  108 

L21 

1,182 

8 

0.8 

0.117 

L88 

1,287 

427 

BxploslTe,  dynamite  No.  1 ;  ring,  4  foot;  charge,  8 

1 

0.4 

0.105 

00.43 

15,390 

ponnds;  submergence,  85  feet;  depth  of  water. 

8 

0.4 

0.210 

87.00 

19,020 

02  feet;  case,  can  No.  1,  full;  ignition.  Farmer 

8 

0.4 

0.104 

50.92 

15,308 

dynamo,  1  service  low  tension  fuse.    Gauges  1, 

4 

0.4 

0.182 

09.81 

10,942 

8, 5,  usual  pins  (1.5  inches) ;  gauges  2,  4, 0,  pins  2 

5 

0.4 

0.100 

57.90 

14,957 

Inches  long.    SfEMts;  Normal. 

0 

0.4 

0.189 

47.00 

13,020 

8 

7 

0.8 

0.125 

L61 

1,810 

8 

8 

0.8 

0.105 

L19 

1.122 

428 

Fired  under  iron  target.— See  Appendix  C. 

429 

Explosive,  Tulican  powder  No.  1;  ring,  4  foot; 

1 

1 

0.4 

0.079 

2L68 

7,746 

charge,  1  pound ;  submergeace,  85  feet ;  depth  of 

1 

2 

0.4 

0  091 

26.94 

8,766 

water,  75  feet;  case,  fuze  can;  ignition.  Smith 

1 

8 

0.4 

0.008 

10.10 

0,870 

dynamo,  1  service  low  tension  ftaze.    Effects: 

1 

4 

0.4 

0.004 

10.42 

8,458 

Buoy  rose  1  foot,  8  sounds;  large  upward  boil. 

1 

5 

0.4 

0.049 

1L71 

5,127 

1 

0 

0.4 

0.057 

14.10 

6,847 

8 

7 

0.8 

0.017 

0.10 

217 

8 

8 

0.8 

0.088 

0.81 

468 

480 

Explosive,  vulcan  powder  No.  1 ;  ring,  4  foot, 

1 

1 

0.4 

0.114 

CruhsdoUi4«dj. 

charge,  1  pound;  submergence,  35  feet;  d«pth of 

1 

2 

0.4 

0.142 

Do. 

water,  75  feet;  case,  fuse  can;  ignition,  Smith 

1 

8 

0.4 

0.078 

2L21 

7,064 

dynamo,  1  service  low  tension  fuze.    Effects: 

1 

4 

0.4 

a078 

19.42 

7.218 

Normal. 

1 

6 

0.4 

0.(108 

16.78 

0,286 

1 

0 

0.4 

0.040 

9.10 

4,856 

8 

7 

0.8 

0.023 

0.10 

289 

8 

8 

a8 

0.048 

a88 

609 

481 

Explosive,  vulcan  powder  No.  1;  ring,  4  foot; 

1 

1 

0.4 

0  110 

8&27 

10,947 

• 

charge,  2  pounds;  submergence,  3  feet;  depth 

1 

2 

0.4 

0.110 

30.27 

10.947 

of  water,  75  feet;  case,  can  No.  1,  sawdust  tamp- 

1 

8 

0.4 

0.101 

29.98 

9^010 

ing;  ignition,  Smith  dynamo,  1  service  low  ten- 

1 

4 

0.4 

0.108 

80.85 

9,810 

sion  fuze.    Effects:  Buoy  rose  2|  feet. 

1 

5 

0.4 

0.093 

26w09 

8,926 

1 

0 

0.4 

0.090 

25.67 

8,074 

8 

7 

0.8 

0.058 

0.65 

009 

3 

8 

0.8 

0.076 

0.70 

860 
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Details  of  experiments  toith  the  Bings — Continued. 


t 

i 


1^ 


482 


433 


434 


435 


436 


487 


Details  of  experiment. 


BxploslTe^  Tuloan  powder  No.  1;  ring,  4  foot; 
charge,  2  ponnds ;  aabmergenoe,  85  feet ;  depth 
of  water,  75  feet;  caae,  can  Ko.  1,  aawdnat 
tamping;  IgnitioD,  Smith  dynamo,  1  aeryice 
low  tenaion  ftiie.    EiTecta:  KormaL 


BxploalTe,  ynlean  powder  "So.  1 ;  ring,  4  foot ; 
charge,  3  ponnda ;  auhmergence,  85  feet ;  depth 
of  water,  75  feet;  caae,  can  No.  1,  aawdnat 
tamping;  ignition.  Smith  dynamo,  1  aervice 
low  tenaion  fuse.  ElTecta:  Bnoy  roae  81  feet; 
dome  about  1  foot  high. 


BzploaiTe,  rnlcan  powder  Ko.  1;  ring,  4  foot; 
charge,  3  pounds;  submergence,  85 feet;  depth 
of  water,  75  feet;  case,  can  No.  1,  sawdust 
tamping;  ignition.  Smith  dynamo,  1  serrice 
low  tenaion  Aue.    Effects :  Normal.   . 


Ezplosire,  rnlcan  powder  No.  1;  ring,  4  foot; 
charge,  4  pounds;  aulmiergence,  85  feet ;  depth 
of  water,  75  feet;  caae,  can  No.  2,  sawdust 
tamping;  ignition,  Smith  dynamo,  1  service 
low  tension  taut.  Effects :  Buoy  rose  5  feet  and 
fell  oyer  in  a  1-foot  dome  of  water. 


Ezplosiye,  Tulean  powder  No.  1;  ring,  4  foot; 
charge,  4  pounda;  submergence,  86  feet ;  depth 
of  water,  75  feet;  caae,  can  No.  2,  aawdust 
tamping;  ignition,  Smith  dynamo,  1  service 
low  tension  Aiae.    Effects:  NormaL 


SzploaiTe,  TUlcan  powder  No.  1 ;  ring,  4  foot ; 
charge,  6  pounds;  submergence,  85  feet ;  depth 
of  water,  75  feet;  caae,  can  No.  2,  sawdust 
tamping;  ignition.  Smith  dynamo,  1  service 
low  tension  ftiie.  Effects:  Dome  of  water  3 
feet  high. 


Gauge. 


Kind. 


No. 
1 
1 
1 
1 
1 
1 
8 
3 


1 
1 
1 
1 
1 
1 
8 
3 


1 
1 
1 
1 
1 
1 
8 
3 


8 


8 


Number. 


1 
2 
8 
4 
5 
6 
7 
8 


1 
2 
8 
4 
6 
6 
7 
8 


1 
2 
8 
4 
5 
6 
7 
8 


1 
2 
8 
4 
6 
6 
7 
8 


1 
2 

8 
4 
5 
C 
7 
8 


1 
2 
8 

4 
5 
C 
7 
8 


Lead  cylinder. 

* 

Per  square  inch. 

Diameter. 

Shorten- 
ing. 

1 
Energy. 

r 
Preesuie. 

Inchst. 

InehM. 

Foot-OtM, 

Lbi. 

0.4 

0.102 

30.42 

9,728 

0.4 

0.172 

0.4 

0.109 

83.22 

10,828 

0.4 

0.090 

29.13 

9,460 

0.4 

0.088 

24.82 

8,602 

0.4 

0.084 

23.34 

8,162 

0.8 

0.045 

0.38 

524 

0.8 

0.078 

0.79 

856 

0.4 

0.181 

48.09' 

12,282 

0.4 

0.110 

83.62 

10,412 

0.4 

0.173 

64.72 

16,109 

0.4 

0.142 

48.56 

13,303 

0.4 

0.124 

39.96 

11,677 

0.4 

0.113 

84.94 

10,679 

0.8 

0.132 

1.65 

1.387 

0.8 

0.111 

L28 

1,181' 

0.4 

0.126 

40.85 

11,863 

0.4 

0.172 

64.18 

16,010 

0.4 

0.134 

44.67 

12,578 

0.4 

0.185 

45.20 

12.677 

0.4 

0.106 

82.02 

10,076 

0.4 

0.105 

3L62 

9,992 

0.8 

0.088 

0.87 

910 

0.3 

0.090 

0.98 

986 

0.4 

0.150 

52.64 

14,040 

a4 

0.171 

63.64 

15,928 

0.4 

0.183 

44.14 

12,479 

0.4 

a  152 

58.64 

14,216 

a4 

0.126 

40.85 

11.853 

0.4 

0.168 

62.03 

15.658 

0.8 

0.104 

1.17 

1,112 

0.8 

0.093 

L02 

1,010 

0.4 

a  154 

54.65 

14,892 

0.4 

0.166 

60.96 

15.479  . 

0.4 

0.145 

50.12 

13,687 

0.4 

0.141 

48.04 

13,208 

0.4 

0.130 

42.56 

12,183 

0.4 

0.147 

50.73 

13,768 

a8 

a  109 

L26 

1,162 

0.8 

0.088 

0.96 

964 

a4 

0.231 

102.10 

21.836 

0.4 

0.209 

8&37 

19,525 

0.4 

0.162 

58.91 

15,130 

0.4 

0.176 

66.37 

16^383 

0.4 

0.137 

46.13 

0 

12,851 

0.4 

0.188 

73.74 

17,676 

0.8 

0.154 

2.07 

1,622 

0.8 

0.106 

1.21 

1,182 

Bemarka. 


Enlarged  pin-hole. 
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APPENDIX  A. 


Detail*  of  experimmts  with  the  Rings — Gontinned. 


• 

■ 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

OrigiiiAl] 
ber. 

Details  of  experiment. 

Bemarki. 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

No. 

Inehsi, 

InekeM. 

FooUbs. 

Lbt. 

438 

ExplMire,  vuIcan  powder  No.  1;   ring,  4  foot; 

1 

0.4 

0.181 

58.41 

1^044 

charge,  5  ponnda;  submergence,  35  f^t;  depth 

2 

0.4 

0.201 

81.13 

18,729 

of  water,  75  feet ;   case,  can  No.  2,  sawdnst 

8 

0.4 

0.172 

84.18 

16,018 

1 

,                                     1 

tamping;   ignition,  Smith  dynamo,  1  serrice 

4 

0.4 

^  0.180 

72.06 

17,309 

1 

low  tension  fata.  Bifects :  Wire  rope  bale  parted. 

5 

0.4 

0.148 

5L34 

13,949 

letting  ring  down. 

6 

a4 

0.1S8 

55.70 

14, 375 

• 

8 

7. 

0.8 

0.158 

2.05 

1,810 

1 

« 

8 

8 

0.8 

0.041 

0.35 

494 

480 

ExpIoaiTO,  vnlcan  powder  No.  2;  ring,  4  foot; 

1 

0.4 

0.049 

1L71 

6,127 

1 

charge,  1  pound;  submergence,  35  feet;  d^th 

2 

i).4 

0.108 

Hammered. 

of  water,  70  feet;   case,  foae  can;   ignition, 

3 

0.4 

0.073 

19.42 

7,218 

-    Smith  dynamo,   1  service   low  tension  tnze. 

4 

0.4 

0.070 

18.42 

6,971 

Eitects:  Normal. 

5 

0.4 

0.080 

1&15 

8,119 

8 

0.4 

ao7o 

la  42 

6,971 

■ 

8 

7 

a8 

0.019 

0.U 

284 

j 

• 

8 

8 

0.8 

0.048 

0.89 

585 

1 

440 

BxplosiTe,  Tulcan  powder  No.  2;  ring,  4  foot; 

1 

0.4 

0.J98 

79116 

18,423 

charge,  5  pounds ;  submergence,  85  feet ;  depth 

2 

0.4 

0.212 

88.42 

19,832 

of  water,  70   feet;  case,  can  No.  2,  sawdust 

.8 

0.4 

0.181 

5&41 

15,044 

tamping;  ignition.  Smith  dynamo,  1  service 

4 

0.4 

0.194 

7&64 

18,029 

low  tension  fuse.    Effects :  Buoy  rose  5  feet  in 

6 

0.4 

0.147 

50.73 

13,768 

a  dome  8  feet  high. 

8 

0.4 

0.101 

74.88 

17,756 

8 

7 

0.8 

0.049 

0.43 

567 

8 

8 

0.8 

0.114 

1.83 

1,208 

Ul 

Explesive,  rnlcan  powder  No.  2;  ring,  4  foot; 

1 

1 

0.4 

a  078 

20.48 

7,473 

1 

charge,  1  pound;  submergence,  35  feet;  depth 

1 

2 

0.4 

0.104 

81.29 

9,904 

of  water,  70  feet;   case,  fuse  can;   ignition, 

1 

8 

0.4 

0.074 

19.75 

7,300 

Smith  dynamo,   1  service  low   tension   fuse. 

1 

4 

0.4 

0.072 

19.08 

7,135 

EfTeots:  NormaL 

1 

5 

0.4 

0.052 

12.82 

5,896 

1 

8 

0.4 

0.049 

1L71 

5^127 

8 

'      7 

a8 

a024 

0.17 

804 

8 

8 

0.8 

0.038 

0.31 

468 

442 

ExploaiTO,  ynlcan  powder  No.  2;  ring,  4  foot; 

1 

1 

0.4 

0.114 

35.38 

10,768 

cliarge,  2  pounds ;  submergence,  35  feet ;  depth 

1 

2 

0.4 

0.144 

49.60 

13,492 

of  water,  70  feet;   case,  can  No.  1,  sawdnst           1 

8 

0.4 

0.099 

29.13 

9,460 

tamping;  ignition.  Smith  dynamo,    1  service           1 

4 

0.4 

0.109 

33.22 

10,328 

low  tension  fuze.    Effects :  Normal. 

1 

5 

0.4 

0.092 

26L32 

8,841 

1 

6 

0.4 

a088 

24.82 

8,50a 

8 

7 

0.8 

0.087 

0.80 

451 

8 

• 

8 

a8 

0.078 

a79 

856 

448 

BxplosiTe,  Tulcan  powder  No.  2;  ring,  4  foot: 

1 

1 

0.4 

0.129 

Lead  oblique. 

charge,  2  pounds;  submergence,  85  feet;  depth 

1 

2 

0.4 

0.149 

5L34 

13,949 

of  water,  70  feet;  case,  can  No.  1,  sawdust 

1 

8 

0.4 

0.111 

34.08 

10,501 

' 

tampinc;   ignition.  Smith  dynamo,  1  service 

1 

4 

0.4 

0.114 

35.38 

10,768 

1 

low  tension  ftise.    Effect*:  Buoy  rose  2  feet; 

1 

5 

0.4 

0.088 

24.07 

8,380 

1 

sunk  out  of  sight;  then  began  an  upward  boiling 

1 

8 

0.4 

0.083 

28.69 

8,025 

1 

of  the  water. 

8 

7 

0.8 

0.051 

0.45 

588 

8 

8 

0.8 

0.072 

0.72 

,       803 
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Detaila  of  experifaents  with  ike  Rings — Continued. 


• 

a 

0 

a 

Gauge. 

Leadc; 

^linder. 

Per  square  inch. 

t 
1 

1 

DetailB  of  exi>erimeDt 

Remarks. 

1 

s 

Kind. 

Nnmber. 

Diameter. 

Shorten- 
ing. 

Energy. 
Foot-lbs. 

Pressure. 

1 

No. 

Inehet. 

Inches. 

Lbs. 

444 

Explosive,  vnloan  powder  Ko.  2;  ring,  4  foot; 

1    ;     1 

0.4 

0. 149 

51.34 

13,949 

( 

charge, 3 pounds ;  submergence,  35 feet:  depth 

1                 2 

0.4 

0.145 

50.12 

13,587 

1 

of  water,  TOfeet;  case,  can  No.  1 ;  ignition,  Smith 

1        i          3 

0.4 

0.145 

eo.i2 

13,587 

dynamo,  1  service  low  tension  fnse.    Effects: 

1        i          4 

0.4 

0.140 

47.52 

13, 113 

Buoy  rose  S  feet ;  large  boil. 

5 

0.4 

0.106 

32.02 

10,076 

6 

0.4 

0.138 

46.50 

12,939 

3 

7 

0.3 

0.042 

0.36 

502 

3 

8 

0.3 

0.054 

0.40 

620 

445 

Explosive,  vnloan  powder  Ko.  2;  ring,  4  foot; 

1                 1 

0.4 

0.141 

48.04 

13.208 

charge.  3  poonds :  submergence,  35  feet ;  depth  j         1       '         2 

0.4 

0.137 

46.13 

12,851 

of  water,  70  feet;  case,  can  No.  1 ;  ignition,  Smith  |         1       i    •    3 

0.4 

a  139 

47.06 

13,026 

dynamo,  1  service  low  tension  fuse.    Effects :  j         1 

4 

0.4 

6.144 

49.60 

13,492 

** 

Normal. 

1 

6 

0.4 

0.116 

36.27 

10,947 

t 

1 

6 

0.4 

0.135 

45.20 

12,677 

3 

7 

0.3 

0.062 

0.60 

708 

8 

8 

0.3 

0.009 

0.68 

776 

446 

Bxploiive,  vnlcan  powder  No.  2;  ring,  4  foot; 

1 

0.4 

0.160 

57.90 

14,957 

charge,  4  pounds ;  submergence,  35  fee^  depth 

1                 2 

0.4 

0.135 

Qange  Jammed. 

1 

of  water,  70  feet ;  case,  can  Na  2,  sawdust  tamp- 

1                3 

0.4 

0.149 

51.84 

13.949 

ing  ;  ignition,  Smith  dynamo,  1  service  low  ten- 

4 

0.4 

0.143 

49.08 

13,397 

sion  fuse.    Effects :  Crack  appeared  in  suspen- 

5 

0.4 

0.136 

45.66 

12,764 

sion  strap ;  changed  it. 

6 

0.4 

0.139 

47.06 

13,026 

• 

8 

7 

0.3 

0.097 

1.07 

1,044 

% 

3 

8 

0.3 

0.047 

0.40 

546 

1 

1 

447 

Explosive,  vulcan  powder  No.  2;  ring,  4  foot; 

1                 I 

0.4 

0.143 

• 

49.08 

13,397 

1 

charge,  4  pounds;  submergence,  35  feet;  depth 

1                 2 

0.4 

0.166 

60.96 

15,479 

< 

of  water,  70  feet ;  case,  can  No.  2,  sawdust  tamp- 

1                3 

0.4 

0.153 

54.15 

14,304 

•        1 

ing  ;  ignition,  Smith  dynamo,  1  service  low  ten- 

1  '             4 

0.4  : 

0.134 

44.67 

12, 578 

1 

sion  fuse.    Effects :  Normal. 

1                  5 

0.4 

0.155 

55.15 

14,480 

1                 6 

1 

0.4 

0.167 

61.50 

15,569 

3        1          7 

0.3 

0.060 

0.58 

095 

3 

8 

0.3 

0.101 

1.13 

1,081 

1 

44« 

Explosive,  vulcan  powder  No.  2;  ring,  4  foot; 

^ 

1 

0.4 

0.180 

68.67 

16. 757 

i 

charge,  5  pounds ;  submergence,  35  feet ;  depth 

1        1          2 

0.4 

0.150 

1 
1 

Jammed  badly. 

of  water,  70  feet ;  case,  can  No.  2,  sawdust  tamp- 

1       1          3 

0.4 

0.167 

61.50 

15,569 

V 

ing  ;  ignition.  Smith  dynamo,  1  service  low  ten- 

1       ,          * 

0.4 

0.181 

69.24 

16,850 

1 

sion  fuze.    Effects :  A  three  foot  dome. 

I                 5 

0.4 

0.154 

54.65 

14,392 

1 

1                 6 

0.4 

•  0.185 

71.52 

17,220 

1 

3 

7 

0.3 

0.063 

0.60 

714 

1          3 

1 

1 

8 

0.3 

0. 116 

1.36 

1,227 

449 

Bxploaive,  dynamite  No.  1 ;  ring,  4  foot ;  charge, 

1 

1         1 

1 

0.4 

0.246 

113.50 

23,428 

3  pounds;  submergence,  35  feet;  depth  of  wat<'i,           12 

!        0.4 

0.210 

87.00 

19,620 

75  feet ;  case,  can  No.  2,  sawdust  tamping ;  igni- 

1                3 

0.4 

0.135 

45.20 

12, 677 

1 

tion,  Smith  dynamo,  1  service  low  tension  fuze. 

1                 4 

0.4 

0.169 

62.67 

15,748 

Effects:  Small  dome,  as  usual.                                [         i                5 

1 

0.4 

0.131 

43.09 

0 

12.282 

1 

G 

0.4 

0.143 

49.08 

13,397 

1 

3 

7 

0.3 

1 

0.049 

0.43 

667 

i    » 

8 

;     0.3 

0.106 

1.21 

1,132 

TO^A  9JK       ^^ 

■ 
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Details  of  experimmts  foith  the  Rings — Ooptinned. 


1^ 


iSO 


451 


452 


458 


454 


455 


Details  of  experiment. 


'  Bxploeire,  dynamite  Ka  1 ;  ring,  4  foot ;  charge,  3 
poonde ;  submergence,  35  feet ;  depth  of  water, 
70  feet;  caae,  can  No.  2,  sawdust  tamping ;  igni- 
tion, Smith  dynamo,  1  serrice  low  tension  fuze. 
Effects:  Normal. 


BxplosiTc,  dynamite  Ko.  1 ;  ring,  4  foot ;  charge,  3 
pounds ;  submergence,  35  f«^t ;  depth  of  water. 
70  feet ;  case,  can  Ko.  2,  sawdust  tamping  ,*  igni- 
tioUf  Smith  dynamo,  I  service  low  tension  fuse. 
Effects:  NormaL 


BxplosiTc,  dynamite  Na  1 ;  ling,  4  foot ;  charge,  1 
pound ;  submergence,  35  feet ;  depth  of  water, 
70  feet ;  case,  taze  can ;  Ignition,  Smith  dynamo, 
1  serrice  low  tension  fiise.  Gauges  1, 3, 5,  pins 
2.35  inches  long;  gauges, 2, 4, 6,  pins  1.5  inches 
long.    Effects:  Normal. 


Explosive,  dynamite  No.  1 ;  ring,  4  foot;  charge,  1 
pound ;  submergence,  35  feet ;  depth  of  water, 
70  feet ;  case,  fuze  can ;  ignition,  Smith  d>'namo, 
1  service  low  tension  fuze.  Ganges  1, 3, 5,  pins 
2.35  inches  long;  gauges  2,  4,  6,  pins  1.5  inches 
long.    Effects:  Normal. 


Explosive,  dynamite  No.  1 ;  ring,  4  foot ;  charge,  I 
pound ;  submergence,  35  feet ;  depth  of  water, 
70  feet ;  case,  fate  can ;  ignition,  Smith  dynamo, 
1  service  low  tension  ftise.  Gauges  1, 3, 5,  pins 
2.35 inches  long;  gauges  2,4,  6,  pins  1.5  inches 
long.    Effects :  NormaL 


Explosive,  djrnamite  No.  1 ;  ring,  4  foot ;  charge,  I 
I>ound ;  submergence,  35  feet ;  depth  of  water, 
70  feet;  case,  ftize  can ;  ignition,  Smith  dynamo, 
1  service  low  tension  fuse.  All  gauge  pins  2.35 
inches  long.  i.  e.,  flush  with  faceof  plug.  Effects: 
NormaL 


Gauge. 


Kind.    '  Number. 


Lead  cylinder. 


Per  square  inch. 


Diameter.  SJ«*rten-    Energy.   Px^ssure. 
log. 


No. 


3 
3 


8 
3 


3 
8 


3 
3 


3 
3 


3 

3 


1 
2 
3 
4 
5 
6 
7 
8 


1 
2 
3 

4 
5 
0 
7 
8 


1 
2 
8 

4 
5 
6 
7 
8 


1 
2 
3 
4 
5 
6 
7 
8 


I 
2 
8 
4 

5 
6 

7 
8 


1 
2 
3 

4 
5 
6 
7 
8 


Inehei. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.8 

0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.3 


0.3 
0.3 
0.3 
0.3 
0.8 
0.3 
0.8 
0.3 


0.8 
0.3 
0.3 
0.3 
0.3 
0.8 
0.3 
0.3 


0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 


0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 


Ifkehu. 
0.192 

0.194 

0.141 

0.167 

0.141 

0.150 

0.066 

0.100 


0.173 
0.216 
0.166 
0.168 
0.121 
0.142 
0.096 
0.005 


0.138 
0.189 
0.105 
0.128 
0.077 
0.072 
0.080 
0.048 


0.170 
0.146 
0.115 
0.186 
0.068 
0.094 
0.063 
0.067 


0.161 
0.143 
0.132 
0.184 
0.074 
0.098 
0.068 
0.076 


0.174 
0.128 
0.122 
0.123 
0.078 
0.086 
0.061 
0.060 


Foot-Wt. 
75.47 

76.64 

4a  04 

6L50 

48.04 

52.64 

0.92 

1.25 


64.72 
9L28 
60.96 
62.03 
3a  52 
4a  56 
L05 
1.04 


29.01 
47.02 
19.67 
26.02 
13.00 
1L86 
0.82 
0.42 


39.86 
3LS2 
22.82 
28.39 

n.oo 

17.04 
0.60 
a65 


36.71 
30.56 
27.19 
27.78 
12.30 
19.09 
0.67 
0.76 


4L31 
26.02 


Lht. 

17,847 

18,029 
13,208 
15,509 
13,208 
14,040 
943 
1,162 


16.109 
20,258 
15, 479 
15,658 
11,398 
13.303 
1,035 
1,026 


9,435 

13.020 

7,283 

8,773 

5,523 

5^197 

876 

556 


11.660 
9,973 
7,924 
9.300 
4.943 
6,615 
714 
751 


11.035 
9,769 
9,034 
9,106 
5,323 
6,886 
764 
835 


11,944 
8,773 


Bemsrlu. 


24.31 

8,386 

24.60 

8,450 

13.23 

5,501 

1 

15.06 

6,093 

0.59 

701 

a68 

776 

1 
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DetuiU  of  experiments  with  the  22{n^«*-Gontina6d. 


Iletaila  of  experiment. 


456 


457 


458 


459 


460 


461 


ExploAiye,  dynamite  No.  1;  rinK,  4  foot;  charge, 
1  pound ;  Babmergeiice,  35  feet ;  depth  of  water, 
70  feet ;  oaae,  faze  can ;  if(nition,,Smith  dynamo, 
1  aerrice  low  tenaion  faze.  All  gauge-pina  2.35 
inchealong.    Bffecta:  Kormal. 


EzploaiTe,  dynamite  No.  1;  ring,  4  foot;  charge,  1 
pound;  submeiseDce,  35  feet;  depth  of  water, 
70  feet;  case,  ftize  can ;  ignition.  Smith  dynamo, 
1  aenrioe  low  tension  faze.  All  gauge-pina  2.35 
inches  long.    ElTeots:  Normal. 


Explosive,  dynamite  No.  1;  ling,  4  foot;  charge, 
1  poond ;  sabmergence,  35  feet ;  depth  of  water, 
60  feet;  case,  fuze  can;  ignition.  Smith  dynamo, 
1  service  low  tension  faze.    Effects:  Normal. 


Explosive,  dynamite  No.  1;  ring,  4  foot;  charge,  1 
pound;  submergence,  35  fei4;  depth  of  water, 
SO  feet;  case,  fuze  can;  ignition.  Smith  dynamo, 
1  service  low  tension  ftize.    Effects:  XormaL 


Explosive,  dynamite  No.  1,  vulcan  powder  No.  1 ; 
rmg,  4  foot;  charge,  1.5-1-1.5  pounds;  submer- 
gence, 35  feet ;  depth  of  water,  50  feet;  case,  can 
No.  1 ;  ignition,  Smith  dynamo,  1  service  low 
tension  fuze.  Effects :  Buoy  rose  3  feet ;  dome  6 
inches  high. 


Gauge. 


Explosive,  dynamite  No.  1;  ring,  4  foot;  charge,  1 
pound ;  aubmergence,  35  feet ;  depth  of  water, 
50  feet;  case,  fuze  can;  ignition.  Smith  dynamo, 
1  service  low  tension  ftize.    Effects:  Normal. 


Kind. 


No, 


8 
3 


8 
3 


3 
3 


3 
3 


3 
3 


3 
3 


Number. 


1 
2 
3 
4 
5 
6 
7 
8 


1 
2 
3 
4 

5 
6 
7 
8 


1 
2 
3 
4 

5 

6 

7 
8 


1 
2 
3 

4 
5 
6 
7 
8 


1 
2 

3 
4 

5 
6 

7 
8 


Lead  cylinder. 


Biameter. 


Inehei. 
0.3 

0.3 

0.3 

0.8 

as 

0.3 
0.3 
0.8 


0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.8 

a8 


0.3 
0.3 
0.8 
0.3 
0.8 
0.8 
0.3 
0.3 


1 

0.S 

2 

0.3 

3 

0.3 

4 

0.8 

5 

0.8 

6 

0.3 

7 

0.3 

8 

0.3 

0.3 
0.8 
0.3 
0.3 
0.3 
0.3 
0.8 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 


Shorten- 
ing. 

Inehe9. 
0.104 

0.113 

0.120 

0.113 

0.220 

0.096 

0.077 

0.108 


0.166 
0.122 
0.128 
0.120 
0.071 
0.090 
0.044 
0.090 


0.095 
0.188 
0.110 
0.124 
0.094 
0.094 
0.021 
0.040 


0.125 
0.134 
0.117 
0.110 
0.102 
0.084 
0.080 
0  070 


0.112 
0.174 
0.110 
0.115 
0.099 
0.093 
0.046 
0.077 


0.147 
0.165 
0.146 
0.147 
0.135 
0.126 
0.082 
0.091 


Per  square  inch. 


Energy. 


FooiJb: 
19.43 

21.78 

23.75 

21.78 

59.38 

17.88 

0.78 

L24 


38.46 
24.31 
26.02 
23.75 
1L64 
16l05 
a37 
0.98 


17.28 

4&6a 

20.96 
24.88 
17.04 
17.04 
0.18 
0.84 


25.16 
27.78 
22.89 
20.96 
18.97 
14.59 
0.22 
0.70 


2L50 
41.31 
20.96 
22.32 
19.70 
16.79 
0.39 
0.78 


50.73 
60.43 
50.42 
50.78 
45.20 
40.85 
0.85 
0.99 


Pressure. 

Lbt. 
7.224 

7,794 

8,256 

7,794 

15,217 

6,741 

845 

1,152 


11,384 
8,386 
8,778 
8,256 
5,133 
6.857 
617 


6^079 

12,947 

7,699 

8,615 

6.615 

6,615 

258 

487 


8,680 
9,166 
&057 
7,699 
7,107 
5,967 
364 
788 


7,729 

11,944 

7,599 

7,924 

6,928 

6,650 

635 

846 


13,768 
15,390 
13.678 
13,768 
12,677 
11.853 
898 
894 


Remarks. 
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V 


462 


463 


464 


465 


466 


467 


Details  of  experiment. 


Explosive,  dynamite  No.  1,  vulcan  powder  No.  1 ; 
ring,  4  foot;  charge,  1.5 -f  1.5  ponnds;  submer- 
gence, 35  feet;  depth  of  water,  SO  feet;  case, 
can  No.  1 ;  ignition,  Smith  dynamo,  1  service  low 
tension  fase.    Effects:  Normal. 


Explosive,  dynamite  No.  1 ;  ring,  4  foot;  charge,  3 
ponnds ;  submergence,  35  feet;  depth  of  water, 
50  feet ;  case,  can  No.  1 ;  ignition,  Smith  dynamo, 
1  service  low  tension  fuze.  Same  loads  as  in  last 
shot,  each  in  same  gauge  as  before.  Effects: 
Normal. 


Explosive,  dynamite  No.  1 ;  ring,  4  foot ;  charge,  3 
pounds;  submergence,  35  feet;  depth  of  water, 
50  feet ;  case,  can  No.  1 ;  ignition,  Smith  dynamo, 
1  service  low  tension  fuze.  Same  leads  as  in  last 
shot,  each  in.  same  gauge  as  before.  Effects: 
NormaL 


Explosive,  dynamite  No.  1;  ring,  4  fifot;  charge,  3 
pounds;  submergence,  35  feet;  depth  of  water, 
50  feet;  case,  can  No.  1 ;  ignition,  Smith  dynamo, 
1  service  low  tension  fuze.    Effects:  Normal. 


Explosive,  dynamite  No.  1.  vulcan  powder  No.  1 ; 

ring,  4  foot;  charge,  3  pounds ;  submergence,  35 
j  feet;  depth  of  water,  50  feet;  case,  can  No.  1; 
I     ignition,  Smith  dynamo,  1  service  low  tension 

ftize.    Effects:  Normal. 


Explosive,  dynamite  No.  1;  ring,  4  foot;  charge,  3 
pounds;  submergence,  35  feet;  depth  of  water, 
50  feet;  case,  can  No.  I ;  ignition,  Smith  dynamo, 
1  service  low  tension  fuze.    Effects:  Normal. 


Gauge. 


Lead  cylinder. 


Kind.    :  Number. 


Diameter. 


Shorten* 
ing. 


No. 


3 
8 


3 
3 


8 

8 


3 
3 


3 
3 


1 
2 
3 
4 

5 

6 
7 
8 


3 
3 


1 
2 
8 
4 

6 
6 

7 
8 


1 
2 
3 
4 

5 
6 
7 
8 


1 
2 
3 

4 
5 
6 
7 
8 


1 
2 
3 

4 
5 
6 
7 
8 


1 
2 
3 
4 

5 
6 

7 
8 


Inehea. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.3 

0.3 


&4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 
0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 


Indie*. 
0.156 

0.143 

0  107 

0.167 

0.143 

0.147 

0.071 

0.110 


0.141 
0.133 
0.147 
0.143 
0.132 
0.155 
0.083 
0.106 


0.148 
0.188 
0.150 
0.166 
0.129 
0.146 
0.088 
0.086 


0.287 
0.322 
0.278 
0.299 
0.243 
0.275 
0.172 
0.110 


0.388 
0.405 
0.375 
0.403 
0.328 
0.852 
0.282 
0.301 


0.235 
0.182 
0.165 
0.170 
0.137 
0.150 
0.085 
0.109 


Per  square  inch. 


Energy.    Pressure. 


FootMft. 
55.70 

49.08 

61.50 

61.50 

49.08 

50.73 

0.71 

1.27 


48.04 
44.14 
5a  73 
49.08 
43.62 
56.15 
0.87 
1.21 


51.08 
7a  19 
57.35 
60.96 
42  13 
50.42 
0.95 
a92 


147.2 
18L1 
139.6 
157.7 
111.1 
136.9 
2.45 
L27 


255.1 
274.5 
287.6 
272.3 
187.4 
212.7 
4.45 

ao7 


105.10 
60.81 
60.43 
63.10 
46.13 
52.64 
0.90 
1.25 


Lb9. 
14, 575 

13.397 

15,569 

15,569 

13,387 

13,768 

795 

1,172 


13,208 
12,479 
13,768 
13,397 
12,381 
14,480 
910 
1,132 


13,859 
17.487 
14,862 
15,479 
12,100 
13,678 
964 
943 


27,866 
31,064 
26,892 
29,193 
23,007 
26,550 
1,814 
1,172 


40,204 
42,220 
38,835 
42,000 
32,725 
35,608 
2,696 
3,326 


22,255 
16.942 
15,390 
15,837 
12,851 
14,040 


Konarks. 


Same  leads  used  as 
in  shot  464. 


Same  leads  used  as 
in  shots  461  and 
465. 
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Details  of  experiments  ivith  the  Rings — Continued. 


Details  of  exi>eriment. 

Gauge. 

I 

Lead  cylinder. 

Per  square  inch. 

Remarks. 

5 

Kind. 

1 

No. 

Number. 

Diameter. 
Inehei. 

Shorten- 
ing. 

Inchea. 

Energy. 
Foot-lbs. 

Pressure. 
Lbt. 

468  i  Explosive,  dynamite  No.  1 ;  ring,  4  foot ;  charge, 

1 

1 

0.4 

0.340 

199.2 

34,090 

8  pounds;    sabmergence,   85  feet;   depth  of 

1 

2 

0.4 

0.322 

18L1 

31,984 

Same  leads  used  as 

water,  50  feet;  case,  can  No.  1;  ignition,  Smith 

1                  - 

3 

0.4 

0.287 

147.2 

27,866 

in  last  shot. 

,      dynamo,   1  aeryice  low  tension   fuze.     Same 

4 

4 

0.4 

0.315 

173.8 

31,120 

1      leads  as  in  last  shot ;  each  in  same  gauge  as  be- 

5 

0.4 

0.231 

102.1 

21,885 

fore.    Effects:  Normal 

6 

0.4 

0.262 

126.3 

25,156 

3 

7 

0.3 

0.164 

2.27 

1,727 

3 

8 

0.3 

0.203 

3.13 

2,135 

460 

Explosive,  dynamite  No.  1;  ring,  4  foot;  charge, 

1 

0.4 

0.520 

46L2 

59,660 

3  pounds;    submergence,   35  feet;   depth  of 

2 

0.4 

0.411 

282.5 

43,028 

Same  leads  used  as 

water,  50  feet;  case,  can  No.  1 ;  ignition,  Smith 

3 

0.4 

0.381 

244.8 

39,116 

in  last  shot 

dynamo,  1  service  low  tension  fuze.    Same  leads 

4 

0.4 

0.406 

278.5 

42,622 

as  in  last  shot ;  each  in  same  gauge  as  before. 

5 

0.4 

0.290 

149.8 

28,190 

k 

fl 

Effects:  Normal. 

6 

0.4 

0.338 

197.1 

33,850 

Last  shot  of  season ;  fired  October  24, 1876. 

3 

7 

0.8 

0.231 

3.84 

2,449 

8 

8 

0.3 

0.272 

5.09 

2,957 

470 

Explosive,  musket  powder;  ring,  3  foot;  diarge. 

1 

1 

0.4 

0.114 

• 
13.07 

5,544 

48  pounds;    submergence,  33  feet;    depth  of 

1 

2 

0.4 

0.084 

8.63 

4,204 

water,  82  feet ;  case,  can  No.  4,  full ;  ignition. 

1 

3 

0.4 

0. 122 

14.42 

5,918 

Farmer  dynamo,  1  service  low  tension  fuse. 

1 

4 

0.4 

0.127 

15.26 

6,148 

Effects:  Jet  about  30  feet  high. 

1 

5 

0.4 

0.114 

13.07 

5.544 

First  shot  of  season;  fired  August  27,  1877. 

1 

6 

0.4 

0.098 

10.61 

4,824 

8 

7 

0.3 

0.075 

0.03 

94 

471 

Explosive,  musket  powder ;  ring,  3  foot ;  charge. 

1 

1 

0.4 

0.132 

16.12 

6,376 

48  pounds;    submergence,  33  feet;  .  depth  of 

1 

2 

0.4 

0.084 

8.63 

4,204 

water,  82  feet ;  case,  can  No.  4,  full ;  ignition. 

1 

3 

0.4 

0.119 

13.90 

5,775 

Fanner  dyuamo,  1  service  low  tension  fuse. 

1 

4 

0.4 

0.136 

16.88 

6,576 

Effects :  Jet  rather  larger  than  last. 

1 

6 

0.4 

0.124 

14.67 

6,015 

1 

6 

0.4 

0.094 

10.01 

4,641 

8 

7 

0.3 

0.076 

0.03 

95 

472 

Explosive,  musket  powder;  ring,  3  feet ;  charge. 

1 

1 

0.4 

0.154 

20.22 

7,416 

48  pounds;    submergence,  33  feet;    depth  of 

1 

2 

0.4 

0.145 

1&54 

7,000 

water,  82  feet ;  case,  can  No.  4,  toll ;  ignition. 

I 

3 

0.4 

0.161 

21.60 

7,761 

Fanner  dynamo,  1   service  low  tension  fuse, 

1 

4 

0.4 

0.140 

17.57 

6,753 

and  4  ounces  dynamite  No.  1,  in  paper  cylinder  j 

1 

5 

0.4 

0.153 

20.03 

7,360 

in  centre  of  charge.    Effects:  Jet  broader  but 

1 

6 

0.4 

0.140 

17.57 

6,753 

not  so  high  as  last. 

3 

7 

0.3 

0.041 

0.01 

56 

473 

Explosive,  musket  powder ;  ring,  3  feet ;  charge, 

1 

1 

0.4 

0.163 

21.97 

7,840 

48  pounds;  submergence,  38  feet ;  depth  of  water, 

1 

2 

0.4 

0.159 

21.21 

7,657 

82  feet ;  case,  can  No.  4,  full ;  ignition.  Farmer 

1 

3 

0.4 

0.175 

24.32 

8.388 

dynamo,  1  service  low  tension  fuse,  and  4  ounces 

1 

4 

0.4 

a  165 

22.35 

7,929 

of  dynamit«  No.  1,  in  paper  cylinder  in  centre 

1 

5 

0.4 

0.159 

21.21 

7,657 

of  charge.    Effects:  Jet  rather  larger  than  last. 

1 

6 

0.4 

0.149 

19.27 

7,184 

• 

1 

! 

3 

7 

0.4 

0.036 

0.01 

49 

474 

Explosive,  musket  powder;  ring,  3  feet;  charge, 

1 

1 

0.4 

0.203 

30.48 

9,752 

48  pounds;   submergence,  33  leet;    depth  of 

1 

2 

0.4 

0.204 

30.73 

9,805 

water,  82  feet;  case,  can  No.  4,  full;  ignition. 

1 

3 

0.4 

0.204 

30.78 

0,805 

Farmer  dynamo,  1  Abel  gun-cotton  fuse,  and  4 

1        j 

4 

0.4 

0.219 

34.55 

10,600 

ounces  of  dry  compressed  gun-cotton  in  centre 

1        ' 

5 

0.4 

0.175 

24.32 

8,388 

of  charge.    Effects:  Jet  decidedly  larger  and 

1 

6 

1 

0.4 

0.184 

2a  22 

8,820 

higher  than  last ;  recovered  fhtgment  of  can  6 

3 

1 

7 

0.3 

0.067 

1 

0.03 

86 

inches  square ;  it  was  git>oved  by  powder  grains.  ' 

1 

i 

1 
1 
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475 


476 


477 


479 


480 


481 


482 


Det«ilB  of  experiment. 


Exploeive,  mnsket  powder;  ring,  8  foot;  charge, 
48  ponnds;  sabmergenoe,  83  feet;  depth  of 
water,  82  feet;  case,  can  No.  4,  full;  ignition, 
Farmer  dynamo,  1  Abel  gun-cotton  fuse,  and 
4  ounces  of  dry  compressed  gnn-ootton  in  centre 
of  charge*  Effects :  Jet  higher  than  last ;  No.  3 
gauge  socket  struck  by  buoy. 


Explosive,  dynamite  No.  1;  ring,  3  foot;  charge, 
i  pound :  submergence,  38  feet;  depth  of  water, 
82  feet ;  case,  tin  cylinder,  1  inch  by  6  inches ; 
ignition,  Farmer  dynamo,  1  service  low  tension 
ftise.  Effects  *.  Shook  tipped  over  a  can  in  boat, 
80  feet  ftom  vertical  through  charge ;  only  a 
few  bubbles  of  gas  rose  to  the  surfiuM. 


Explosive,  dynamite  No.  1;  ring,  3  foot;  charge, 
I  pound;  submergence,  33  ftet;  depth  of  water, 
82  feet;  case,  tin  cylinder,  1  inch  byO  inches; 
ignition,  Farmer  dynamo,  1  service  low  tension 
ftise.    Effects:  Normal. 


478    Fired  near  iron  target.— See  Appendix  C. 


Explosive,  picrate  powder  No.  0;  ring,  3  foot; 
charge,  3  pounds ;  submergence,  38  feet ;  depth 
of  water,  70  feet;  case,  can  No.  1 ;  ignition, 
Smith  dynamo,  1  service  low  tension  fate. 
Effects:  Strong  explosion,  followed  by  a  boil; 
effect  much  more  than  was  anticipated. 


Explosive,  picrate  powder  No.  1;  ring,  3  foot; 
charge,  2.9  pounds;  submergence,  33  feet; 
depth  of  water,  70  feet ;  case,  can  No.  1 ;  igni- 
tion. Smith  dynamo,  1  service  low  tension  fuse. 
Effecta:  Buoy  rose  4  feet;  boil  tinged  green. 


Explosive,  picrate  powder  No.  2;  ring.  3  foot; 
charge,  2.9  pounds;  submergence,  33  feet; 
depth  of  water,  70  feet ;  case,  can  No.  1 ;  igni- 
tion. Smith  dynamo,  1  service  low  tension  fuze. 
Effects:  Buoy  rose  5  feet;  boil  green,  as  before. 


Gauge. 


Lead  cylinder. 


Explosive,  picrate  powder  No.  3;  ring,  3  foot;  | 
charge,   2.9  pounds;    submergence,   33    feet;  • 
depth  of  water,  70  feet;  case,  can  No.  1;  igni- 
tion. Smith  dynamo,  1  service  low  tension  fuse. 
Effecta :  Buoy  rose  2^  feet ;  boil  lees  thun  before. 


Kind. 


No. 


8 


3 


8 


8 
3 
3 
8 
8 
3 
3 


1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 


Numbei.  Diameter. 


1 
2 
3 
4 

5 
6 

7 

1 
2 
3 

4 
5 
6 
7 

1 
2 
8 
4 

5 
6 

7 

1 
2 
8 
4 

5 
6 

7 


1 
2 
3 
4 

5 
6 

7 


1 
2 
3 
4 

5 
6 

7 


InehM. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.8 
0.8 
0.3 
0.3 

as 

0.3 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


Shorten- 
ing. 


Inehei. 
0.219 

0.192 

0.212 

0.241 

0.176 

0.216 

0.057 


0.055 
0.050 
0.020 
0.042 
0.042 
0.012 
0.009 

0.051 
0.076 
0.043 
0.044 
0.039 
0.043 
0.002 


0.008 

0.160 
0.068 
0.094 
0.086 
0.088 
0.070 
0.054 

0.076 
0.082 
0.054 
0.056 
0.051 
0.029 
0.043 


Per  square  inch. 


Energy. 

Foot-lbt. 
34.55 

27.88 

32.68 

40.52 

24.53 

33.74 

0.02 


13.50 
14.82 


9.64 
9.64 
9.64 
0.05 

12.32 

20.46 

9.91 

iai8 

&81 
9.91 
0.01 


20.46 
22.65 
13. 21 
13.83 
12.32 
6.10 
0.36 


Pressure. 


1 

ao5 

57.90 

24.82 

27.07 

24.07 

24.82 

21.56 

0.49 

Lbi. 
10,600 

9,190 
10,216 
11,787 

8,486 

10,435 

75 


5,066 
6,028 

4,524 

4,524 

4.524 

143 


5,305 
7,473 
4,008 

4,eos 

4,264 

4.608 
52 


185 

14,957 
8,502 
9.009 
8.330 
8,502 
7,745 
620 


7,473 
7,099 
5.576 
5,757 
5,305 
3.336 
509 


Bemazks. 


Water  in  fsnge. 


Leads  oompreMed 
to  such  an  extent 
astobeirarthleM. 


1 

0.4 

0.038 

8.53 

4,172 

2 

0.4 

0.027 

5.59 

3,145 

3 

0.4 

0.010 

1.73 

1.440 

4 

0.4 

0.011 

1.93 

1,548 

5 

0.4 

0.007 

1.17 

1,110 

6 

0.4 

0.012 

2.13 

1,651 

7 

0.8 

0.006 

0.04  ; 

1 
1 

109 

1 
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Details  of  experiments  toitk  the  Rings — Con  tinned. 


• 

1 

Details  of  experiment. 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

1 

1 

Remarka. 

Kind. 

No, 

Kumber. 

Diameter. 
Inekea. 

Shorten- 
ing. 

1  Energy. 

FOOtrlb*. 

Pressure. 
Lb9. 

i 

Inehet, 

'    483 

EzploeiTe,  dynamite  Ko.  1 ;  ring.  3  foot ;  charge. 

1 

1 

0.4 

0.167 

61.50 

16.669 

1                 1  poan d ;  sabmergenoe,  83  feet ;  depth  of  water, 

1 

2 

0.4 

0.10S 

77.22 

18.120 

!                70  feet :  oaae,  fuse  can ;  ignition,  Smith  dynamo, 

1 

3 

0.4 

0.137- 

46.13 

19.861 

1 

1  service  low  tension  ftize.    Effecte :  Gauge  Ko. 

1 

4 

1       0.4 

0.123 

39.47 

11,684 

8  attached  to  ring  by  a  2-inch  pine  plank  near  Ko. 

1 

5 

0.4 

0.111 

34.06 

10,501 

• 

Sgaage;  distance  fhnn  charge  the  name.   Itwaa 

1 

0 

0.4 

0.100 

29.65 

9,662 

• 

;      aecored  by  a  lO-foot  length  of  wire  rope  shackled 

8 

7 

0.8 

0.051 

1 

0.45 

688 

to  goard  ring. 

• 

1 

1 

1 

8 

1 

0.4 

0.019 

3.06 

2,362 

Extra  gauge. 

1 
484    Ezploaive,  dynamite  Ko.  1;  ring,  3  foot;  charge, 

1 

1 

t 

I 

0.4 

0.140 

5L34 

18,949 

1                1  ponnd ;  aabmergence,  83  feet ;  depth  of  water, 

1 

2 

0.4 

0.163 

50.42 

16.217 

1           1     70 feet;  case,  ftiie can;  ignition, Hmith dynamo, 

1 

3 

0.4 

0.184 

44.07 

12.676 

{      leenrice,  low  tension  ftise.    ElTecte:  Gauge  Ko. 

1 

4 

0.4 

ai28 

41.70 

12,018 

,           1     8  attaobed  as  in  last  shot.     Wood  attachment 

1 

5 

0.4 

0.100 

33.22 

10,328 

,     broken  in  small  fragmente  by  eiploaioii,  and  to 

1 

6 

a4 

0.107 

32.42 

10,160 

compressed  as  to  hare  little  flototion  left. 

8 

7 

0.8 

0.058 

0.55 

689 

1 
1 

!       1 

8 

0.4 

0.089 

8.81 

4,264 

486 

Explosive,  dynamite  Ko.  1 ;  ring,  3  foot ;  charge. 

1 

1 

0.4 

0.209 

86.37 

19,626 

2  pounds ;  submergence,  33  feet ;  depth  of  water, 

1 

2 

0.4 

0.303 

161.80 

29,662 

70  feet ;  case,  can  Ko.  1 ;  ignition,  Smith  dynamo. 

1 

3 

0.4 

0.190 

74.30 

17,665 

1 
1 

1  service  low  tension  fuse.    Effecte :  Same  re- 

1 

4 

0.4 

0.198 

7&05 

17,988 

marks  as  for  last  two  sbote.     Gauge  lost  by 

1 

6 

0.4 

0.180 

72.08 

17,809 

breaking  of  bale  of  socket  by  the  Jerk  on  wire 

1 

6 

0.4 

0.202 

81.81 

18,888 

rope ;  corrected  defect  by  a  rope  wrapping  round 

8 

7 

0.3 

0.108 

1.24 

1,162 

bale. 

1 

8 

0.4 

Lost  gauge. 

486 

Explosive,  dynamite  Ko.  1 ;  ring,  3  foot ;  charge. 

1 

•   1 

0.4 

0.197 

7&62 

18,322 

2  pounds;  submergence,  38  feet;  depth  of  water, 

1 

2 

0.4 

0.242 

110.40 

22,898 

^     70  feet :  case,  can  No.  1 ;  ignition.  Smith  dynamo, 

1 

8 

0.4 

0.207 

86.10 

19.836 

1      1  service,  low  tension  ftize.    Effecte:  Same  re- 

1 

4 

0.4 

0.199 

79.81 

18,524 

marks  as  for  shots  483  and  484. 

1 

5 

0.4 

0.196 

77.87 

18.221 

1 

1 

6 

0.4 

0.214 

89.84 

20,044 

3 

7 

0.3 

0.009 

1,10 

1.062 

1 

8 

0.4 

0.018 

8.42 

2,261 

Extra  gauge. 

487 

Explosive,  dynamite  Ko.  1;  ring,  3  foot;  charge, 

1 

1 

0.4 

0.298 

162.40 

28,511 

3  pounds;  submergence,  33  feet;  depth  of  water. 

1 

2 

0.4 

0.320 

179.00 

31,740 

70 feet;  case,  can  Kal;  ignition,  Smith  dynamo, 

1 

8 

0.4 

0.264 

12&00 

26,382 

1  service  low  tension  faze;  Effecte:  Same  re- 

1 

4 

0.4 

0.272 

134.40 

26.226 

1 

marks  as  for  shoto  483  and  484.    Lowering  rope 

1 

• 

0.4 

0.214 

89.81 

20,044 

parted  by  explosion ;  ring  held  by  suspension 

1 

6 

0.4 

0.234 

104.40 

22,160 

1 

1 

rope. 

8 

7 

0.3 

0.157 

2.13 

1,066 

1 

1 

8 

0.4 

0.024 

4.84 

9,855 

Extra  gauge. 

• 

488 

Explosive,  dynamite  Ko.  1 ;  ring,  3  foot ;  charge, 

1 

1 

0.4 

0.296 

166.0 

28.842 

3  pounds;  submergence,  33  feet;  depth  of  water, 

1 

2 

0.4 

0.889 

Hammered. 

70 feet;  case,  can  Ko.  I ;  ignition,  Smith  dynamo, 

1 

8 

0.4 

0.280 

141.4 

27,120 

1  service  low  tension  fuse.     Effects:  Sam«  re- 

1 

4 

0.4 

0.260 

124.6 

24,930 

marks  as  for  sbots  483  and  484. 

1 

5 

0.4 

0.219 

93.6 

20,582 

Last  shot  of  season ;  fired  on  September  27, 1877. 

1 

6 

0.4 

0.262 

118.1 

24,056 

8 

7 

0.3 

0.17^ 

2.65 

1,867 

• 

1 

8 

0.4 

0.019 

3.66 

2,362 

Extra  gauge. 
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APPEiroiX  A. 


I>etail»  of  efperimenU  vith  ike  Ring» — Continued. 


• 

1 

Gauge. 

1 

Lead  cylinder. 

Per  square  inch. 

Original 
ber. 

Details  of  experiment. 

Bemirks. 

Kind. 
No. 

Number. 

Diameter. 

Shorten- 
ing. 

Inehet. 

Energy. 

FOOtrUft. 

Pressure. 

Inehu. 

Lb9, 

488 

Explosive,  dynamite  No.  1,  loose;  ring.  8  foot; 

11 

0.4 

0.094 

27.07 

9,009 

1 

charge,  8  ponnds ;  submergence,  46  feet ;  depth 

2 

0.4 

0.222 

95.62 

20.808 

of  water,  72  feet;  case,  can  No.  2;  ignition. 

3 

0.4 

0.065 

16.73 

6.537 

Slnith    dynamo,  1   aervioe  low  tension   faze. 

4 

0.4 

0.068 

17.74 

6,797 

1 

Effects:    A  ten-foot  jet;  many  fish  Ic tiled  at 

» 

0.4 

a  047 

11.08 

4.952 

great  distances. 

6 

0.4 

0.048 

1L39 

5,039 

First  shot  of  season ;  fired  on  June  10, 1878. 

3 

7 

0.3 

0.132 

1.64 

1.387 

1 
1 

490 

ExploslTe,  dynamite  No.  1,  loose;  ring,  8  foot; 

1 

0.4 

0.153 

54.15 

14,904 

1 

1 

charge,  8  i>onnds;  submergence,  44  feet;  depth 

2 

0.4 

0.189 

47.06 

13,026 

1 

of  water,  72  feet;  case,  can  No.  2,  fiill;  ignition, 

3 

0.4 

0.070 

18.42 

6,971 

Smith  dynamo,  1   service  low  tension   fuze. 

4 

0.1 

0.071 

18.75 

7.053 

Effects:  Dome,  5  feet  high. 

5 

0.4 

0.077 

20.83 

7.564 

t 

9 

6 

0.4 

0.074 

19.75 

7,300 

3 

7 

0.3 

0.141 

1.79 

1.473 

1 
t 
1 

491 

ExploalTe,  dynamite  Ko.  1,  loose;  ring,  8  foot; 

1 

0.4 

0.145 

50.12 

13,587 

1 

1 

charge,  8  pounds ;  submei^ence,  44  feet ;  depth 

^ 
^ 

2 

0.4 

0.087 

24.44 

8,416 

of  water,  72  feet ;  case,  can  No.  2,  full ;  ignition, 

3 

0.4 

0.077 

20.83 

7,564 

1 

Smith  dynamo,  1  senrice  low  tension   fuze. 

4 

0.4 

0.063 

16.10 

6,370 

1 

Effects :  Ring  began  to  warp  a  little. 

5 

0.4 

0.070 

1&42 

6,971 

6 

0.4 

0.075 

20.08 

7,382 

1 

1 
1 

3 

7 

0.3 

0.165 

2.29 

1,736 

1 

1 
492 

Explosive,  dynamite  No.  1,  loose ;  ring,  8  foot ; 

1 

0.4 

0.110 

33.62 

10,412 

1 

charge,  8  pounds ;  submergence,  44  feet ;  depth 

2 

0.4 

0.099 

29.13 

9,460 

of  water,  72  feet ;  case,  can  No.  2,  fall ;  ignition. 

* 

3 

0.4 

0.076 

20.46 

7,478 

1 

Smith   dynamo,  1  service  low  tension   fuze. 

4 

0.4 

0.074 

19.75 

7,800 

■ 

Effects:  A  5-foot  boil;   buoy  shot  up  4  feet; 

J 

5 

0.4 

0.072 

19.08 

7,135 

warp  In  ring  increasing  near  top. 

6 

0.4 

0.056 

13.83 

5,757 

1 

• 

3 

7 

0.3 

0.161 

2.22 

1,699 

m 

Explosive,  dynamite  No.  1 ;  ring  8  foot ;  charge. 

1 

0.4 

0.104 

31.29 

9,904 

8  pounds;  submergence,  44  feet;  depth  of  water. 

2 

0.4 

0.115 

35.82 

10,857 

72  feet;  case,  can  No.  2,  fall;  ignition,  Smith 

3 

0.4 

0.080 

21.96 

7,836 

dynamo,  1  service  low  tension  fiize.    Effects: 

L 

4 

0.4 

0.081 

22.31 

7,918 

Normal. 

5 

0.4 

0.060 

15.15 

6,119 

6 

0.4 

0.067 

17.41 

6,711 

3 

7 

0.3 

0.135 

1.69 

1,418 

494 

Explosive,  dynamite  No.  1 ;  ring,  8  foot ;  charge, 

1 

1 

0.4 

0.067 

17. 41 

6,711 

1 

8  pounds ;  submergence,  44  feet ;  depth  of  water. 

1 

2 

0.4 

0.050 

12.03 

5,215 

72  feet;  case,  can  No.  4,  mostly  air  space ;  igni- 

1 

3 

0.4 

0.056 

13.83 

5,757 

1 

tion.  Smith  dynamo,  1  service  low  tension  ftize. 

1 

4 

0.4 

0.048 

U.39 

5,039 

* 

Effects :  Warp  Is  now  5^  inches  on  line  between 

1 

s 

0.4 

0.052 

12.62 

5,395 

1 

1        ■ 

gauges  1  and  2,  and  increasing. 

1 

6 

0.4 

0.049 

.  11. 71 

5,127 

1 

1 

3 

7 

0.3 

0.167 

2.34 

1,760 

• 

!    495 

Explosive,  dynamite  No.  1 ;  ring,  8  foot ;  charge, 

1 

1 

0.4 

0.118 

37.16 

11,126 

, 

8  ponnds ;  submergence,  44  feet ;  depth  of  water, 

1 

2 

0.4 

0.061 

15.47 

6,203 

1 

72  feet;  case,  can  No.  4,  mostly  air  space;  igni- 

1 

3 

0.4% 

0.052 

12.62 

5,395 

tion.  Smith  dynamo,  1  service  low  tenaion  fuze. 

1 

4 

0.4 

0.066 

13.83 

5,757 

Effects:  Buoy  rose  less  and  boil  was  smaller 

1 

5 

0.4 

0.059 

14.82 

6,028 

' 

than  before. 

1 

6 

0.4 

0.044 

10.18 

4,682 

1 

3 

7 

0.3 

0.166 

2.31 

1,748 

DETAILS  OF  EXPERIMENTS. 
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Details  of  eaqferiments  toith  the  Rings — Ck)ntinaed. 


a 

0 

a 


i, 


I 


DeUilB  of  experimcDt 


480 


Exploaive,  dynunite  Ka  1 ;  rinfc,  8  foot ;  charge, 
10  pounds ;  sabmergence,  44  feet;  depth  of  water, 
72  feet ;  caee,  can  Ka  2,  AiU,  oompreMed ;  igni- 
tion. Smith  dynamo,  1  senrlce  low  tension  ftiie. 
Effects:  Warp  measnresOl  inches  after  this  shot. 


497 


BxplosiTe,  dynamite  No.  1 ;  ting,  8  foot ;  charge, 
10  pounds ;  BabmeiYenoe,44feet;  depth  of  water, 
72  feet ;  case,  can  Ka  2,  compressed ;  ignition. 
Smith  dynamo,  1  serrioe  low  tension  Aise. 
Effects:  Konnal. 


498 


490 


EzplosiTe,  dynamite  No.  1 ;  ring,  8'foot ;  charge, 
lOponnds ;  sabmergence,  44  feet ;  depth  of  water, 
72  feet ;  case,  can  No.  2,  compressed ;  ignition. 
Smith  dynamo,  1  service  low  tension  foze. 
Effects :  Warp  measures  7  inches  before  and  8 
inches  after  this  shot;  it  is  on  vertical,  both  top 
and  bottom. 


Explosire,  dynamite  Na  1 ;  ring,  8  foot ;  charge, 
lOponpds;  sabmergence,  44  feet;  depth  of  water, 
72  feet ;  case,  csa  No.  2,  compressed ;  ignition, 
Smith  d\namo,  1  servioe  low  tension  fuse. 
Effects:  Normal. 


800 


501 


602 


Explosive,  dynamite  No.  I ;  ring,  5  foot ;  charge, 
1  pound ;  sabmergence,  28  feet ;  depth  of  water, 
70  feet ;  case,  ftise  can ;  ignition,  Smith  dynamo, 
1  service  low  tension  faze.    Effects :  Normal. 


Explosive,  dynamite  Na  1 ;  ring,  8  foot ;  charge, 
lOpoands;  sabmergence,  44  feet ;  depth  of  water, 
72  feet ;  ease,  can  No.  2,  compressed ;  ignition,  ' 
Smith  dynamo,  1  service  low  tension  ftize. 
Effects:  Warp,  10^  inches  before  snd  12^  inches 
after  this  shot ;  ring  decidedly  too  large  for  the 
best  class  of  work. 


Explosive,  dynamite  No.  1 ;  ring,  5  foot ;  charge, 
1  poand ;  sabmergence,  23  feet ;  depth  of  water, 
70  feet ;  case,  fuze  can :  ignition,  Smith  dynamo, 
1  service  low  tension  faze.    Effects:  Normal. 


Ghmge. 

Lead  oylinder. 

Per  square  inoh. 

Bemarks. 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy.  .Pressure. 

No. 

Indi$t. 

Ineke,. 

F^t-lbt.  ,      Lb9. 

1 

a4 

0.117 

86.71 

11,036 

• 

2 

0.4 

0.117 

86.71 

11.036 

8 

0.4 

a  084 

23.34 

8,163 

4 

0.4 

0.072 

19.08 

7,186 

6 

a4 

0.079 

21.58 

7,745 

6 

0.4 

0.081 

22.81 

7,916 

8 

7 

0.8 

0.172 

2.45 

1.814 

1 

0.4 

0.102 

80.42 

9,728 

2 

0.4 

0.079 

21.68 

7,746 

8 

a4 

ao82 

22.66 

7,999 

4 

0.4 

0.089 

3&19 

8.688 

5 

0.4 

0.064 

23.84 

8.162 

6 

0.4 

0.079 

21.68 

7,746 

8 

7 

0.8 

0.166 

2.81 

1.748 

1 

0.4 

0.099 

29.13 

9,460 

2 

0.4 

aoo4 

27.07 

9.009 

8 

0.4 

0.092 

26.32 

8.841 

4 

0.4 

0.089 

26.19 

8,588 

6 

0.4 

0.074 

19.75 

7,800 

1 

6 

0.4 

0.084 

23.34 

8,162 

7 

0.8 

0.188 

2.68 

1,928 

1 

0.4 

0.096 

24.07 

8,830 

2 

0.4 

a090 

2&67 

8,674 

8        ' 

0.4 

0.088 

24.82          8,602 

1 
4 

0.4 

0.07( 

1&42    ,      6,971 

5 

0.4 

0.085 

23.69          8,244 

) 

6 

0.4 

0.079 

2L68 

7,745 

7 

as 

0.160 

2.20 

1.690 

■ 

1 

0.4 

0.069 

1&06 

6.884 

1 

^ 

2 

0.4            0.002 

26.82 

8,841 

1        1         3 

0.4           a064 

23.34          8,162 

1                 4 

0.4 

0.100 

29.56          9,662 

5 

0.4 

0.079 

21. 68          7, 745 

6 

0.4 

0.078 

21.21 

7.654 

3 

7 

0.8 

0.141 

1.79 

1,478 

1 

1 

0.4 

0.076 

20.46 

7.478 

1 

2 

0.4            0.004 

16.42 

6,463 

1 

3 

0.4      ,      0.046 

10.76          4,864 

1 

4 

a4 

0.084 

7.41          8,803 

1 

5 

0.4 

0.089 

8.81    i      4,261 

1 

8 

0.4      •      0.024 

4.84 

2,855 

" 

8 

7 

0.3            0.081 

0.84 

887 

1 

1 

1 

1 

0.4 

1 

0.064 

16.42 

6,463 

1 
1 

1 

2 

0.4            0.061 

15.47 

6.203 

1 

8 

0.4            0.060 

12.06 

6.215 

1 
t                                            ' 

1 

4 

I        0.4            0.088 

&53 

4.172 

1 

S 

0.4            0.042 

9.64 

4.524 

1 

8 

0.4      j      0.026 

5.34 

3.049 

t 

8 

7 

0.3 

0.084 

0.88 

921 

No.  23 52 
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APPBNDIX  A. 


BetaUt  of  exp«rimmt$  wifk  the  Bi»g$ — Continaed. 


§ 


V 


503 


604 


505 


506 


507 


508 


509 


Detafla  of  experiment. 


ExploeiTe,  dyniunite  No.  1 ;  ring,  5  foot;  charge, 
1  ponnd ;  sabmergenoe.  28  feet ;  depth  of  water, 
79  feet ;  case,  ftise  can ;  ignition,  Smith  djmamo, 
1  service  low  tension  flize.    Effects:  KormaL 


Bxploslre,  dynamite  No.  1 ;  ring,  5  foot;  charge, 
1  pound ;  submergence,  28  feet ;  depth  of  water, 
79  feet ;  case,  fatp  can ;  ignition.  Smith  dynamo, 
1  service  low  tension  fttse.    Effects :  Normal. 


BzplosiTe,  dynamite,  No.  1 ;  ring,  5  foot ;  charge, 
2  pounds ;  submergence,  88  feet ;  depth  of  water, 
79  feet ;  case,  can  Na  1,  sawdust  tamping ;  igni- 
tion, Smith  dynamo,  1  service  low  tension  ftue. 
Effects:  Normal. 


Explosive,  dynamite  No.  1 ;  ring,  5  foot;  charge, 
,  2  pounds ;  submergence,  88  feet ;  depth  of  water, 
79  feet ;  case,  csn  No.  1,  sawdust  tamping ;  igni- 
tion, Smith  dynamo,  1  service  low  tension  ftue. 
Effects:  Normal. 


Explosive,  dynamite  No.  1 ;  ring,  5  foot :  charge, 
2  pounds ;  submergence,  33  feet ;  depth  of  water, 
70  feet ;  case,  can  No.  1,  sawdust  tsmping ;  igni- 
tion, Smith  dynamo,  1  service  low  tension  ftise. 
Effects:  Normal. 


Explosive,  dynamite  No.  1 ;  ring,  5  foot ;  charge, 
3  pounds ;  submergence,  83  feet ;  depth  of  water, 
79  feet ;  case,  can  No.  1,  full ;  ignition,  Smith 
dynamo,  1  service  low  tension  fuse.  Effects: 
NormaL 


Explosive,  dynamite  No.  1 ;  ring,  5  foot ;  charge, 
2  pounds ;  submergence,  33  feet ;  depth  of  water, 
79  ieet ;  case,  can  Na  ],  sawdust  tamping ;  igni- 
tion. Smith  dynamo,  I  service  low  tension  ftixe. 
Effects:  Normal. 


Gmuge. 


Kind. 


No. 


8 


8 


8 


8 


Nnmber. 


1 
1 
1 
1 
1 
1 
8 


1 
2 
8 

4 
5 
6 
7 

1 
2 

8 

4 
5 
6 
7 

I 
2 
3 
4 

5 
0 

7 

1 
2 
3 

4 
5 
6 
7 

1 
2 
3 
4 

5 
6 
7 


1 
2 
3 
4 
5 
6 
7 


Lead  cylinder. 


Diameter. 


1 

0.4 

2 

0.4 

3 

0.4 

4 

0.4 

5 

0.4 

6 

0.4 

8 

7 

0.8 

Jndkef. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.8 


0.4 
0.4 
0.^ 
0.4 
0.4 
0.4 
0.8 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


0.4 
0.4 
6.4 
0.4 
0.4 
0.4 
0.8 


Shorten- 
ing. 


0.068 
0.007 
0.042 
a040 
0.041 
0.025 
0.107 


0.065 
0.082 
0.044 
0.040 
0.029 
0.030 
0.108 

0.090 
0.160 
0.089 
0.079 
0.009 
0.061 
0.162 

0.110 
0.125 
0.078 
0.070 
0.076 
0.052 
0.095 

0.166 
0.176 
0.093 
0.078 
0.069 
0.061 
0.177 

0.117 
0.111 
0.082 
0.065 
0.056 
0.051 
0.151 


Per  square  inch. 


Energy. 

'  Foot4bt. 
14.40 

17.41 

9.64 

9.10 

9.37 

5.08 

L22 


13.60 

15.78 

iai8 

0.10 
6.10 
6.86 
1.24 


29.13 
57.90 
25.19 
21.58 
18.08 
15.47 
2.24 


87.60 
40.42 
21.21 
18.42 
20L46 
12.62 
1.04 

55.70 
66.37 
26.60 
21.21 
1&08 
15.47 
2.54 

86.71 
84.06 
22.65 
16.78 
18.83 
12.32 
2.00 


0.4 

0.163 

50.42 

0.4 

0.152 

53.64 

0.4 

0.121 

3&52 

0.4 

0.085 

23.69 

0.4 

0.111 

34.06 

0.4 

0.074 

19.76 

0.3 

0.211 

8.31 

Pressnxe. 


Lbs, 
5,988 

6,711 

4,524 

4.856 

4,440 

2.954 

1,142 


5,006 
6,286 
4.692. 
4,356 
3,336 
3,431 
1.152 

9,460 

14,967 

8.688 

7,745 
6.884 
6,203 
1,708 


11,215 
11,770 
7.654 
6.971 
7,478 
5.395 
1,026 


14,575 
16.383 
8.925 
7,654 
6.884 
6.203 
1,859 

11,036 
10,501 
7,999 
6,687 
6,757 
5.305 
1,687 

15, 217 

14  216 

11,396 

8,244 

10,601 

7.800 

2,221 


Bemarks. 
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Details  of  eoBperimenU  toith  the  Binge — Gontiiiaed. 


511 


512 


613 


614 


515 


Sxploalve^  dyiuanlte  No.  1 ;  ring,  5  foot;  charge,  3 
pounds;  BnbmergeDoe,  33  feet;  depth  of  water, 
79  feet;  cbm,  can  No.  1,  full;  ignition,  Smith 
dynamo,  1  aerrlce  low  tension  fbse.  Effects: 
NormaL 


Sxplosixe,  dynamite  No.  1;  ring,  5  foot;  charge,  3 
poonds;  suhmergeoce,  33  feet;  depth  of  water, 
79  feet;  case,  can  No.  1,  fiill;  ignition.  Smith 


dynamo,  1  serrioe  low  tension  fuze. 
Nonnal. 


Effects: 


Explosive,. dynamite  No.  1;  ring,  5  foot;  charge,  3 
pounds ;  suhmergence,  33  feet ;  depth  of  water, 
79  feet;  case,  oan  No.  1,  full;  ignition.  Smith 
dynamo,  1  service  iow  tension  Aise.  Effects: 
BoU  2  feet  high. 


Explosive,  dynamite  No.  1;  ring,  5  foot;  charge,  4 
pounds ;  suhmergence,  88  feet ;  depth  of  water, 
79  feet;  case,  can  No.  2,  sawdust  tamping;  igni- 
tion, Smith  dynamo,  1  service  low  tendon  fuse. 
Effects:  NormaL 


Explosive,  dynamite  No.  1;  ring,  6  foot;  charge,  4 
pounds;  submergence,  83  feet;  depth  of  water, 
79  feet;  case,  can  No.  2,  sawdust  tamping;  igni- 
tion, Smith  dynamo,  1  service  low  tension  fuze. 
BfliBCts:  Normal. 


Explosive,  dynamite  No.  1 ;  ring,  5  foot ;  charge,  4 
pounds;  suhmergence,  33  feet;  depth  of  water, 
79  feet ;  case,  can  No.  2,  sawdust  tamping;  igni- 
tion, Smith  dynamo,  1  service  iow  tension  fuse. 
Effects:  Normal. 


516  ;  Explosive,  dynamite  No.  1 ;  ring,  5  foot ;  charge,  4 
pounds;  submergence,  33  feet;  depth  of  water, 
79  feet ;  case,  can  No.  2,  sawdust  tamping ;  Igni- 
tion, Smith  dynamo,  1  service  low  tension  fhze. 
Effects:  Normal. 


Gauge. 


Kind. 


No, 


3 


8 


8 


8 


3 

1 
1 
1 
1 
1 
1 
8 

1 
1 
1 
1 
1 
1 
3 


Number. 


1 
2 
8 
4 
5 
8 
7 

1 
2 
3 

4 
5 
8 
7 

1 
2 
8 
4 
5 
6 
7 


1 
2 
8 
4 
5 
8 
7 


1 
2 
8 
4 
5 
8 
7 


1 
2 
3 
4 

5 
8 
7 

1 
2 
3 
4 
5 
8 
7 


Lead  cylinder. 


Diameter. 


JfiMst. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 

0.4 
0.4 

a4 

0.4 
0.4 
0.4 
0.8 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 


Shorten- 
ing. 


Incku. 
0.166 

0.160 
0.119 
0.096 
0.090 
0.098 
0.118 


0.145 
0.109 
0.112 
0.095 
0.107 
0.086 
0.220 


0.154 
0.165 
0.117 
0.080 
0.095 
0.096 
0.182 

0.182 
0.166 
0.138 
ai21 
0.181 
0.115 
0.160 

0.187 
0.220 
0.129 
0.110 
0.089 
0.148 
0.208 

0.219 
0.205 
0.129 
0.106 
0.106 
0.110 
0.207 

0.188 
0.161 
0.141 
0.112 
0.114 
0.122 
0.201 


Per  square  inch. 


Energy. 


Fooi^a, 
55.70 

57.85 

87.60 

27.86 

2&57 

2a  71 

L88 


60.12 
83.22 
84.50 
27.44 
82.42 
24.07 
8.54 

54.65 
60.48 
86.71 
2L96 
27.44 
27.86 
L64. 

69.81 
60.96 
44.14 
88.52 
43.09 
85.82 
2.18 

72.68 
94.20 
42.13 
83.62 
25.19 
49.08 
3.24 


98.47 
88.84 
42.13 
32.02 
32.02 
88.62 
8.22 

73.74 
58.41 
48.04 
34.50 
35.38 
39.00 
3.07 


Pressure. 


Lb$. 

14,575 

14,862 
11.215 
9,184 
8,674 
9,868 
1,248 


13,587 

10,328 

10,590 

9,092 

10,160 

8,830 

2,320 

14,892 
15,890 
U,036 
7,836 
9,092 
9,184 
1,887 

16,942 
15^479 
12,479 
11,896 
12,282 
10,857 
1,679 

17,898 
20.690 
12.100 
10,412 

8.588 
13,397 

2,189 


20,582 
19,145 
12,100 
10,076 
10.076 
10,412 
2,178 

17,576 
15,044 
13,208 
10,590 
10,768 
11,491 
2,118 


Bemarks. 
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AP^iNDIX  A. 


Detailt  of  experimmta  teitk  the  Binga—Contio.Vi«i. 


I 
s 


517 


518 


610 


520 


521 


622 


623 


Details  of  experiment. 


EzploslTe,  dynamite  "So.  1 ;  ring,  5  foot ;  cbarge,  5 
pounds;  snbmerKenoe,  83  feet;  depth  of  water, 
70  feet;  case,  can  No.  2,  sawdnst  tamping;  igni- 
tion. Smith  dynamo,  l.serrice^low  tension  fbse. 
Effects:  Normal. 


Explosive,  dynamite  No.  1;  ring,  5  foot;  charge,  5 
pounds;  submergence,  33  feet;  depth  of  water, 
70  feet;  case,  can  No.  2,  sawdust  tamping;  igni- 
tion, Smith  dynamo,  1  aerrice  low|  tension  ftise. 
Eifeots:  Normal. 


Gauge. 


Explosiye,  dynamite  No.  1 ;  ring,  5  foot;  charge,  5 
pounds;  submergence,  33  feet;  depth  of  water, 
70  feet;  case,  can  No.  2,  sawdust  tamping;  igni- 
tion, Smith  dynamo,  1  service  low  tension  fuse. 
Effects:  NormaL 


Explosive,  dynamite  No.  1;  ring,  5  foot;  charge, 
33  pounds ;  submergence,  70  feet ;  depth  of  water, 
70  feet;  case,  can  No.  2,  sawdust  tamping;  igni- 
tion, Smith  dynamo,  1  service  low  tension  ftise. 
Effects:  Bolt  came  out  of  a  screw  shaclcle,  let- 
ting ring  down. 


Explosiye,  dynamite  Nu.  1 ;  ring,  6  foot;  charge, 
5  pounds;  submergence,  33  feet;  depth  of  wster, 
70  feet :  casot  can  No.  2,  sawdnst  tamping;  igni- 
tion. Smith  dynamo,  1  service  low  tension  ftise. 
Effects:  Normal. 


Explosive,  dynamite  No.  1 ;  ring,  8  foot;  charge,  10 
pounds;  submergence,  35  feet;  depth  of  water, 
65  feet;  esse,  can  No.  2,  tuU;  Ignition,  Laflin 
&  Band  dynamo,  1  service  low  tension  faze. 
Bing  had  been  restored  to  proper  shape  and  rein- 
forced at  a  weak  spot.  Effects:  Jet  10  feet  high. 


Explosive,  dynamite  No  1 ;  ring,  8  foot ;  charge,  10 
pounds;  submergence,  35  feet;  depth  of  water, 
85  feet;  case,  can  No.  2,  tuW;  ignition,  Laflin  & 
Band  dynamo,  1  service  low  tension  ftise. 
Effects:  At  horizontal  distance  of  50  feet  I  felt, 
with  hand  in  water,  a  sensation  like  electric 
shock  simultsneously  with  the  usual  three  sharp 
sounds  snd  before  the  surface  was  disturbed. 


Lead  cylinder. 


Kind. 


No. 


8 


1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
I 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 


Number. 


1 
2 
3 
4 

5 
8 
7 


1 
2 
3 

4 
5 
6 
7 

1 
2 
8 
4 
5 
6 
7 

1 
2 
3 

4 
6 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 

4 
5 
6 
7 

I 
2 
3 
4 

5 
6 
7 


Diameter.  Shorten- 
ing. 


Inchet. 
0.4 

a4 

0.4 

0.4 

0.4 

0.4 

0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 

a4 

0.4 
0.4 
0.4 
0.4 
0.4 
0.8 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 


Inehet, 
0.166 

a  166 

a  143 

0.123 

ai28 

0.131 

0.160 


0.121 
0.166 
0.155 
0.131 
0.150 
0.147 
0.125 

a  144 
0.176 
0.124 
0.120 
0.140 
0.117 
0.222 

0.120 
0.140 
0.131 
0.114 
0.137 
0.114 
0.224 

0.123 
0.161 
0.111 
0.130 
0.154 
0.136 
0.151 

0.114 
0.112 
0.003 
0.001 
0.087 
0.005 

0.145 

/ 

0.002 
0.007 
0.006 
0.085 
0.080 
0.000 
0.147 


Per  square  inch. 


Energy.    Pressure. 


Foat-lbM. 
60.43 

60.06 

40.08 

30.47 

4L70 

43.00 

2.20 


40.60 
66.37 
30.05 
3&05 
5L34 
36.71 
3.00 

42.13 
5L34 
43.00 
35.38 
46.13 
35.38 
3.67 

38.47 
58.41 
34.06 
42.56 
64.65 
46.66 
2.00 

85.38 
34.50 
26.60 
25l04 
24.44 
27.44 
L87 


Lbt. 
15,300 

16.470 

13.387 

11,584 

12,018 

12,282 

1,600 


38.52 

11,306 

60.43 

15,300 

55.15 

14,480 

43.00 

12,282 

52.64 

14,040 

50.78 

13,768 

LSI 

1,316 

13,402 
16.383 
11,677 
11,305 
13,040 
11,036 
2.348 

12,100 
13.040 
12,288 
10,768 
12,851 
10,768 
2,376 

11.584 
15,044 
10.501 
12,183 
14,302 
12,764 
1«687 

10,768 
10.500 
8,025 
8,758 
8,416 
0,002 
1,517 


Bemsrks. 


26l32 

8,841 

28L28 

1      0,276 

27.86 

0,184 

23.60 

8.244 

25.10 

8.588    ; 

25.57 

8,674 

LOl 

1,562 
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Details  of  experimenU  with  ^  Rings — Continned. 


B 

0 

a 


t 


J 


524 


525 


526 


827 


628 


529 


580 


Details  of  exi>erlmeDt. 


EzploAive,  dynamite,  No.  1;  ring,  4  foot;  charge, 
600  poanda;  sabmergence,  13  feet;  depth  of 
water,  20  feet;  case,  ezpeTimental  torpedo  of 
iron,  17  cubic  feet ;  ignition.  Gramme  machine, 
1  service  low  tension  ftise.  The  bnoy  was 
shackled  directly  to  ring  and  held  by  a  200 
pound  anchor  at  130  feet  from  the  charge. 
Effects :  See  page  44. 

Explosive,  gnn-ootton,  wet;  ring,  4  foot;  charge^ 
6  pounds ;  submergence,  34  feet ;  depth  of  water, 
75  feet;  case,  can  No.  2,  no  tamping;  ignition, 
Farmer  dynamo,  1  Abel  gun-cotton  fuse,  and  1 
pound  dry  primer  of  gun-cotton.  25  per  cent, 
of  fresh  water  added  to  the  charge  of  4  pounds ; 
the  primer  is  included  in  the  charge  as  reported, 
which  is  always  ezolusive  of  water. 

Explosiye,  gun-cotton,  wet;  ring,  4  foot;  charge, 
5  pounds ;  submergence,  34  feet  r  depth  of  water, 
75  feet ;  case,  can  No.  2,  no  tamping ;  ignition, 
Farmer  dynamo,  1  Abel  fuse,  and  1  pound  of  dry 
gun-cotton.  Effects:  Same  remarks  as  for  shot 
No.  525.  Two  Abel  ftuEes  foiled  in  succession 
to  explode. 

Explosive,  gun-cotton,  wet;  ring,  4  foot;  charge, 
5  pounds;  submergence,  34  feet ;  depth  of  water, 
75  feet;  case,  can  No.  2,  no  tamping;  ignition, 
Farmer  dynamo,  1  Abel  ftise,  and  1  pound  of 
dry  gun-cotton.  Effects:  Same  remarks  as  for 
shot  No.  525.  Three  Abel  fuses  foiled  to  ex- 
plode ip  succession ;  shall  condemn  them  here- 
after.   Bale  of  wire  rope  broken. 

Escplosive,  gun-cotton,  wet;  ring,  4  foot;  charge, 
5  pounds;  submergence,  34  feet;  depth  of  water, 
75  feet;  case,  can  No.  2,  no  tamping;  ignition, 
Farmer  dynamo,  1  service  low  tension  ftise,  and 
1  pound  dry  gun-cotton.  Effects :  Same  remarks 
as  for  shot  No.  526.    Normal. 


Explosive,  gun-cotton,  wet;  ring,  4  foot;  charge, 

5  pounds;  submergence,  34  feet;  depth  of  water, 
75  feet;  case,  can  No.  2,  no  tamping;  ignition. 
Farmer  dynamo,  1  service  low  tension  fuse, 
and  1  pound  dry  gun-cotton.  Effects:  Same 
remarks  as  for  shot  No.  525.  Suspension  strap 
broke,  but  did  not  allow  ring  to  escape. 

Explosive,  gun  cotton,  wet;  ring,  4  foot;  charge, 

6  pounds ;  submergence,  34  feet ;  depth  of  water, 
75  feet;  case,  can  No.  2,  no  tamping;  ignition, 
Farmer  dynamo,  1  service  low  tension  fuse,  and 
1  pound  of  dry  gun-cotton.  Effects :  Same  re- 
marks as  for  shot  No.  525.  Lowering  rope 
parted,  and  had  to  raise  ring  by  wire  suspen- 
sion rope. 


Gauge. 

Lead  cylinder. 

Per  square  inch. 

ir»         —    \ 

Bemarks. 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

1 

JVo. 

Inches. 

Inehea. 

Foot'lba. 

Lb9. 

1 

1 

0.3 

0.010 

0.04 

950 

1 

2 

0.3 

0.008 

Spring  out  of  order. 

1 

3 

0.3 

0.006 

0.72 

808 

1 

4 

0.3 

0.018 

L30 

1,191 

1 

5 

0.8 

0.012 

L18 

1,117 

1 

1 

0 

0.8 

0.011 

L06 

1,039 

8 

7 

0.8 

0.081 

0.84 

887 

1 

1 

0.4 

0.210 

87.00 

19,620 

1 

2 

0.4 

0.214 

88.84 

20,044 

f 

1 

3 

0.4 

0.164 

50.92 

15,303 

i 

1 

4 

0.4 

0.220 

94.20 

20.690 

1 

5 

0.4 

0.187 

72.63 

17.398 

j 

1 

0 

0.4 

0.190 

74.30 

17,665 

1 

3 

7 

0.8 

0.197 

2.98 

2,071 

, 

1 

1 

0.4 

0.183 

70.38 

17,035 

1 

1 

2 

0.4 

0.195 

77.22 

18,120 

1 

8 

0.4 

0.178 

67.52 

10,570 

Stuck  by  gss-check; 

1 

4 

0.4 

0.217 

92.01 

20,366 

rounded. 

1 

6 

0.4 

0.178 

07.52 

16.570 

1 

0 

0.4 

0.199 

70.81 

18,524 

3 

7 

a3 

0.175 

2.50 

1,841 

1 

1 

0.4 

0.204 

83.16 

19,041 

1 

1 

2 

0.4 

0.154 

Pin  badly  Jammed. 

1 

3 

0.4 

0.203 

82.48 

18,937 

1 

* 

0.4 

0.213 

89.13 

19,988 

1 

1 

5 

0.4 

0.074 

Bad  catch  (?/.           | 

1 

6 

0.4 

0.189 

73.74 

17, 576 

1 

8 

7 

0.3 

0.151 

2.00 

1,587 

1 

1 

1 

0.4 

0.201 

81.13 

18,729 

1 

1 

Gange  head  broken. 

1 

2 

0.4 

0.160 

57.90 

14,967 

i 
1 

1 

8 

0.4 

0.210 

87.00 

19,620 

i 

1 

4 

0.4 

0.182 

69.81 

16,942 

A 

5 

0.4 

0.156 

55.70 

14, 575 

1 

6 

0.4 

0.172 

64.16 

16,016 

3 

7 

0.8 

0.213 

3.86 

2,242 

1 

1 

1 

0.4 

0.209 

86.37 

19,525 

1 

1 

2 

0.4 

0.196 

77.87 

18,221 

1 

3 

0.4 

0.243 

111.  10 

23,007 

1 

4 

0.4 

0.209 

86.37 

19,625 

1 

5 

0.4 

0.170 

68.10 

16,887 

1 
1 

1 

0 

0.4 

0.151 

53.14 

14,128 

3 

7 

0.3 

0.131 

L62 

1,877 

1 

1 

0.4 

0.206 

84.47 

19,240 

t 
1 

1 

2 

0.4 

1 

0.184 

70.95 

17,127 

1 
I 

1 

3 

'        0.4 

0.229 

100.67 

21.626 

1 

4 

0.4 

0.221 

94.91 

20.794 

1 

1 

5 

0.4 

0.167 

61.50 

15,560 

1 

• 

0.4 

0.180 

68.67 

16,767 

Broke  head. 

3 

7 

0.3 

0.170 

2.41 

1,796 

1 
1 

1 
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Details  of  experiments  toith  the  Rings — Gontinaed. 


Gaage. 


DeUUs  of  experiment 


S31 


Ezploeive,  gnn-ootton,  wet ;  ring,  4  foot ;  charge, 
5  ponnde ;  enbrnergence,  34  feet ;  depth  of  water, 
75  feet;  case,  can  No.  2.  no  tamping;  ignition, 
Farmer  dynamo,  1  service  low  tension  fhse,  and 
1  ponnd  of  dry  gun-cotton.  Effects :  Same  re- 
marks as  for  shot  No.  525. 


682 


533 


534 


535 


536 


637 


Explosive,  gun-cotton,  dry;  ring,  4  foot;  charge, 
5  pounds ;  submergence,  34  feet ;  depth  of  water, 
65  feet;  case,  can  No.  2,  no  tamping;  ignition, 
Laflin  Sc  Rand  dynamo,  1  service  low  tension 
fuze.    Effects:  Normal. 


Explosive,  gun-cotton,  dry ;  ring,  4  foot ;  charge, 
5  pounds ;  submergence,  34  feet ;  depth  of  water, 
65  feet;  case,  can  No.  2,  no  tamping;  ignition, 
Laflin  St  Band  dynamo,  1  service  low  tension 
ftue.    Effects:  Normal. 


Explo^ve,  gun-cotton,  wet;  ring,  4  foot;  charge, 
5  pounds ;  submergence,  34  feet ;  depth  of  water, 
75  feet ;  case,  can  No.  2,  no  tamping ;  ignition, 
Farmer  dynamo,  1  service  low  tension  fuse,  and 
1  pound  of  dry  gun-cotton.  Effects:  Same  re- 
marks as  for  shot  No.  525. 


Explosive,  gun-cotton;  ring,  4  foot;  charge,  5 
pounds;  submergence,  34  feet;  depth  of  water, 
75  feet ;  case,  can  No.  2,  no  tamping ;  ignition, 
Fanner  dynamo,  1  service  low  tension  fkixe,  and 
1  ponnd  of  dry  gun-cotton.  Effects :  Same  re- 
marks as  for  shot  No.  525.  Bolt  of  shackle 
slipped  and  let  down  ring. 


Explosive,  gun-cotton,  wet;  ring,  4  foot;  charge, 
5  pounds ;  submergence,  84  feet ;  depth  of  water, 
75  feet;  case,  can  No.  2,  no  tamping;  ignition. 
Farmer  dynamo,  1  service  low  tension  fuze,  and 
1  pound  of  dry  gun-cotton.  Effects:  Same  re- 
marks as  for  shot  No.  525.  Broke  lowering 
ring  and  parted  rope,  letting  ring  down. 


Explosive,  gun-cotton,  dry ;  ring,  4  foot ;  charge, 
5  pounds,  submergence,  34  feet ;  depth  of  water, 
65  feet;  case,  can  No.  2,  no  tamping;  ignition, 
Laflin  Sc  Rand  dynamo,  1  service  low  tension 
ftize.    Effects:  A  6-foot  boil,  as  usuaL 


No, 


3 


3 


1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 


Lead  cylinder. 


Kind.      Number.  Diameter.'  S'*®'*®**- 

ing. 


1 
2 
3 

4 
5 
6 
7 


1 
2 
3 
4 

5 
6 

7 


1 
2 

3 

4 
5 
6 
7 


1 
2 
3 
4 

5 
6 

7 


1 
2 
3 
4 

5 
6 

7 


1 
2 
3 
4 

5 
6 

7 

1 
2 
3 
4 

5 
6 

7 


Per  square  inch. 


Jnekei. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 

a3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 

0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


Remaiki. 


a  240 
0.200 
0.224 
0.181 
0.175 
0.154 
a243 

0.213 
0.223 
0.224 
0.207 
0.178 
0.160 
0.190 

0.198 
0.226 
0.210 
0.246 
0.177 
0.188 
0.126 


0.107 
0.206 
0.215 
0.204 
a  188 
0.105 
0.161 

0.226 
a  214 
0.230 
0.196 
0.199 
0.193 
0.110 


108.80 

22.780 

86.37 

19,525 

97.04 

21,106 

60.24 

16,850 

65.80 

16,383 

54.65 

14,392 

4.21 

2,604 

89.13 
96.33 
97.04 
85.10 
67.52 
62.57 
3.01 


79.16 
96.48 
93.47 
113.50 
66.95 
73.19 
1.53 


7&52 
84.47 
90.55 
83.16 
73.19 
77.22 
2.22 

98.48 
89.84 
101.40 
79.16 
79.81 
76.05 
1.27 


19,938 
21,002 
21,106 
19,335 
16,570 
15,748 
2,092 

18,423 
21,314 
20,582 
23,428 
16,477 
17,487 
1.326 


18,822 
19.240 
20.150 
19.041 
17.487 
18,120 
1,690 

21,314 
20.044 
21,730 
18,423 
18,524 
17,938 
1,172 
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Details  of  experiments  with  fke  Rings — Oontinued. 


o 


538 


539 


540 


541 


542 


543 


544 


Details  of  experiment. 


Ezploeive,  gun-cotton;  ring,  4  foot;  charge,  5 
poondft;  aabmergence,  34  feet;  depth  of  water, 
65  feet ;  case,  can  No.  2,  no  tamping ;  ignition, 
Laflin  &  Sand  dynamo,  1  service  low  tension 
faze.    Effects:  Normal. 

Last  shot  of  season,  fired  on  Ootoher  20, 1878. 


ExploslYe,  Hercnles  No.  2;  ring,  4  foot;  charge,  1 
ponnd ;  submergence,  33  feet ;  depth  of  water,  80 
feet;  case,  fuze  can;  ignition,  Laflin  &Rand 
dynamo,  1  service  low  tension  fuse.  Eilecta: 
Buoy  rose  1  foott  and  several  seconds  afterward 
an  upward  boiling  of  water  occurred. 

First  shot  of  season  fired  May  15, 1870. 


Explosive,  Hercules  No.  2;  ring,  4  foot;  charge,  1 
pound,  submergence,  33  feet ;  depth  of  water,  80 
feet;  case,  ftise  can;  ignition,  Laflin  Sl  Rand 
dynamo,  1  service  low  tension  fbze.  Effects: 
Normal. 


Explosive,  Hercules  No.  2 ;  ring,  4  foot ;  charge, 
2  pounds ;  submergence,  33  feet ;  depth  of  water, 
80  feet;  case,  can  No.  1,  sawdust  tamping ;  igni- 
tion, Laflin  St,  Rand  dynamo,  1  service  low  ten- 
sion ftise.      Bfliects :  Normal. 


Explosive,  gun-cotton;   ring,  4  foot;  charge,  5 
pounds ;  submergence,  34  feet ;  depth  of  water, 
65  feet ;  case,  can  No.  2,  no  tamping ;  ignition, 
Laflin  St  Rand  dynamo,  1  service  low  tension  ; 
fuse.    Eifects:  NormaL 


Explosive,  Hercules  No.  2;  ring.  4  foot;  charge, 
2  pounds;  submergence,  33  feet;  depth  of  water, 
80  feet;  case,  can  No.  1,  sawdust  tamping;  igni- 
tion, Laflin  &  Rand  d3rnamo,  1  service  low  ten- 
sion fuze.  Effects:  Buoy  rose  3  feet;  subsided, 
and  a  b<^  rose  after  several  seconds. 


Explosive,  Hercules  No.  2;  ring,  4  foot;  charge,  3 
pounds;  submergence,  38  feet;  depth  of  water, 
80  feet ;  case,  can  No.  1,  full ;  ignition,  Laflin  &, 
Rand  dynamo,  1  service  low  tension  fkize. 
Eifects :  Bnoy  shot  up  4  feet  aikd  sunk  out  of 
sight ;  a  small  boil  rose  with  it. 


G-auge. 


Kind. 


No. 


3 


3 


3 


3 


3 


1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 


Number. 


1 
2 
3 
4 

5 
6 
7 


1 
2 
3 
4 
5 
6 
7 

1 
2 
3 

4 
5 
6 

7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 


Lead  cylinder. 


Diameter. 


Inekta. 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


Shorten- 
ing. 


InektM. 
0.205 

0.201 

0.104 

0.100 

0.160 

0.106 

0.104 


0.197 
0.205 
0.240 
0.217 
0.171 
0.170 
0.131 

0.086 
0.197 
0.072 
0.088 
0.055 
0.056 
0.032 

0.080 
0.140 
0.071 
0.002 
0.067 
0.056 
0.042 

0.101 
0.163 
0.113 
0.114 
0.106 
0.121 
0.070 

0.150 
0.156 
0.000 
0.120 
0.007 
0.103 
0.088 

0.164 
0.143 
0.138 
0.142 
0.132 
0.112 
0.128 


Per  square  inch. 


Energy. 


Pressure. 


FooirVbt. 
83.84 

81.13 

76.64 

57.00 

62.57 

77.87 

1.17 


7&52 
83.84 

ioa8o 

02.01 

63.64 

68.10 

L62 

24.07 


10.08 
24.82 
13.50 
13.83 
0.24 

25.10 


74.88 
60.42 
34.04 
35.38 
32.02 
38.62 
0.81 

57.35 
55.70 
20.13 
38.05 
28.28 
30.85 
0.05 

50.02 
40.08 
46.50 
48.56 
43.62 
34.50 
L66 


Lb$. 
10. 145 

18.720 

18.020 

14,067 

15,748 

18.221 

1,112 


18,322 
10.145 
22.780 
20,866 
15,028 
16,664 
1,377 

8.330 

7,135 
8,602 
5,666 
5,757 


8.588 


1&75 

7,063 

26.32 

8.841 

17.41 

6,711 

13.83 

5,757 

0.36 

502 

17,756 
15,217 
10,670 
10,768 
10,076 
11,808 


14,862 

14, 575 

0,460 

11,306 

0,276 

0,816 

064 

15,303 
13,307 
12,080 
13,303 
12,381 
10,600 
1,347 


Remarks. 


Gauge  defective. 


Top  of  gauge  broke. 
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a 

d 

a 


Gauge. 


"3  $ 


645 


Details  of  experiment. 


Exploeiye,  Hercules  No.  2;  liDg,  4  foot;  charge,  8 
pounds;  salmiergeDce,  33  feet;  depth  of  water. 
80  feet;  case,  can  Ko.  1,  Aill;  Ignition,  Laflin  it 
Rand  dynamo,  1  service  low  tension  fuse. 
Sffects:  NormaL 


646 


Explosive,  Hercules  Ko.  2;  ring,  4  foot;  charge,  4 
pounds ;  snbmeigence,  33  feet ;  depth  of  water, 
80  feet ;  case,  can  Ko.  2,  sawdust  tamping ;  igni- 
tion, Laflin  &  Band  dynamo,  1  serrice  low  ten- 
sion fuse.  Effects:  Buoy  shot  up  4  feet  and 
sunk  before  a  3-foot  dome  rose  to  surface. 


647 


Exploaive,  Hercules  Ko.  2;  ring  4  foot ;  charge,  4 
pounda ;  submergence,  33  feet ;  depth  of  water, 
80  feet ;  case,  can  Ko.  2,  sawdust  tamping ;  igni- 
tion, Laflin  6l  Band  dynamo,  1  service  low  ten- 
sion fuse.    Effects :  Kormal. 


548  Explosive,  Hercules  Ko.  2;  ring,  4  foot ;  charge,  5 
pounds ;  submergence,  33  feet ;  depth  of  water, 
80  feet ;  case,  can  Ko.  2,  sawdust  tamping ;  igni- 
tion. Laflin  &  Bsnd  dynamo,  1  service  low  ten- 
sion fhse.  Effects:  Buoy  rose  5  feet  and  fell 
over. 


!  ' 

549     Explosive,  Herenles  Ko.  2;  ring,  4  foot ;  charge,  6 

pounds;  submergence,  33  feet;  depth  of  wat4«r, 
80  feet ;  case,  can  Ko.  2,  sawdust  tamping;  igni- 
tion, Laflin  8t  Band  dynamo,  1  service  low  ten- 
sion fuse.    BflRects:  Kormal. 


560  ExploslTe,  Hercules  Ko.  1 ;  ring,  4  foot ;  charge,  1 
pound;  submergence,  33  feet;  depth  of  water, 
70  feet ;  case,  ftise  can ;  ignition,  Laflin  8t  Band 
dynaoMft,  1  service  low  tension  ftixe.  Effects: 
Buoy  rose  1  foot  and  sunk  before  boil  roee. 


I 

551     Explosive,  Hercules  Ko.  1 :  ring.  4  foot :  charge  1 

pound ;  submergence,  Vi  feet ;  depth  of  water,  79 

feet:  case,  fbae  can;  ignition,  Laflin  &  Rami 

dynamo,  1  service  low  tension  ftise.     Effects: 


Kind. 


No, 


Lead  cylinder.         Per  square  inch. 


Knmber.  Diameter.  Shorten-    Energy.   Pressure 
I  t      ing.      1 


3 


3 


3 


1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 


Inehei, 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.8 


0.4 

0.4 

a4 

0.4 
0.4 
0.4 
0.8 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0l4 

a3 


0.4 
0l4 
0.4 
0.4 
0.4 
0.4 

as 

0.4 
0.4 
0.4 
0.4 
0.4 
0l4 
0.3 


Jndk«f. 
a  132 

0.152 

0.135 

0.150 

0.090 

0.118 

0.125 


0.185 
0.175 
0.148 
0.100 
0.000 
0.187 
0.161 

0.181 
0.173 
0.104 
0.168 
0.114 
0.136 
0.168 


OLlM 
0.102 
0.188 
0.225 
0.147 
0.150 
0.187 


0.208 
0.202 
0.204 
0.202 
0.155 
0.167 
0.265 

0l158 
0.1S2 
0.112 
0l006 
0.086 
0.006 
0.051 

0L130 
0.150 
OlOM 

aoM 
ao78 

0.083 
0.040 


Ibot-Ift*. 
43.62 

53.64 

45.20 

58.64 

2SL13 

87.16 

L51 


I 


7L52 
6&80 
40.08 
57.90 
20.13 
46l13 
2.22 

60.24 
64.72 
50.02 
6103 
8&38 
45i66 
2.36 


7&64 
7&47 
73L19 
97.75 
50.78 
SS.64 
2.78 


85k  74 
81.81 
83L16 
81.81 
S&15 
6LS0 
4.88 

53.64 
5S.64 

34.50 
2&71 
24.07 
26w60 
0.45 

47.06 
57.35 
27.07 
27.07 
21.21 
23L00 
0.43 


Lb9. 
12,381 

14,216 

12,677 

14,040 

0,460 
11,126 

1,316 


17,220 
16.200 
13,307 
14,057 

0,460 
12,851 

1,090 

16,850 
16,100 
15.303 
15,658 
10,768 
12,764 
1,772 


18, 
17,847 
17.487 
21,210 
13,768 
14,040 
1,977 

10,430 
18.833 
10,941 
18.833 
14,480 
15,560 
2,875 

14.216 

14.216 

10,500 

0,368 

8.330 

8,925 

588 


13, 

14.862 
9,009 
9.009 
7.654 
8,080 
567 


Broke  socket. 
Broke  pin. 


Hammered  lead. 
Hammered     Sead; 
gauge  broken. 


026      Hammered  lead. 
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Details  of  experiments  tcith  the  Rings — Coutiuiied. 


552 


553 


554 


555 


556 


557 


558 


Details  of  experiment. 


EzploeiTe,  Herenlet  No.  1;  ring,  4  fort;  charge, 
2  pounds;  submergence,  88  feet;  depth  of 
water,  79  feet;  cane,  can  No.  1,  sawdust  tamp- 
ing; ignition,  Laflin  Sl  Band  dynamo,  1  service 
low  tension  fuse.  Effects:  Buoy  rose  2  or  8 
feet;  boil  long  after  its  sinking  and  reappear- 
ance. 


Ezplosiye,  Hercules  No.  1;  ring,  4  foot;  charge, 

2  pounds;  submergence,  88  feet;  depth  of 
water,  79  feet;  case,  can  No.  1,  sawdust  tamp- 
ing; ignition,  Laflin  Sc  Bond  dynamo,  1  service 
low  tension  fuse.  Effects:  Lowering  rope 
parted  at  ring;  tho  boil  rose  like  a  balloon 
through  the  water  several  seconds  after  buoy  re- 
appeared. 

Explosive,  Hercules  No.  1;  ring,  4  foot;  charge, 

3  pounds;  submergence,  38  feet;  depth  of 
water,  79  feet;  case,  can  No.  1,  sawdust  tamp- 
ing; ignition,  Laflin  &  Band  dynamo,  I  service 
low  tension  f^se.    Effecta:  NormaL 


Explosive,  Hercules  No.  1 ;  ring,  4  foot;  charge, 
8  pounds;  submergence,  83  feet;  depth  of 
water,  73  feet ;  case,  can  No.  1,  sawdust  tamp- 
ing ;  ignition,  Laflin  St  Band  dynamo,  1  service 
low  tension  fuse.  Effects:  Lowering  rope 
parted  at  ring ;  wire  mooring  rope  bale  broke ; 
as  the  ring  wss  raising  by  guard  rope,  the 
lAttor  parted ;  thus  the  ring  was  lost. 

Explosive,  Hercules  No.  1;  ring,  5  foot;  charge, 
4  pounds;  submergence.  34  feet;  depth  of 
water,  73  feet;  case,  can  No.  2,  sawdust  tamp- 
ing; ignition,  Laflin  ft  Band  dynamo,  1  service 
low  tension  fuxe.    Effects:  Normal. 


Explosive,  Hercules  No.  1;  ring,  5  fuot;  charge, 
4  pounds;  submergence,  34  feet;  depth  of 
water,  73  feet;  case,  can  No.  2,  sawdust  tamp- 
ing; ignition,  Laflin  ft  Band  dynamo,  1  service  I 
low  tension  fuse.  Effecta:  Gib  and  key  fell 
out,  causing  loss  of  No.  2  socket  and  gauge.        ■ 


Explosive,  Hercules  No.  1 ;  ring,  5  foot;  charge, 
5  pounds;  submergence,  34  feet;  depth  of 
water,  73  feet ;  ease,  can  No.  2,  sawdust  tamp- 
ing ;  ignition,  Laflin  ft  Band  dynamo,  1  service 
low  tension  fuse.  Effects:  Broke  suspension 
strap,  but  it  did  not  let  ring  escape. 


Gauge. 


Kind. 


No. 


3 


3 

1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 


Number. 


1 
2 
3 
4 

5 
6 

7 


1 
2 
3 

4 
5 
6 
7 


1 
2 
3 
4 
5 
6 
7 


1 
2 
3 
4 
5 
6 
7 


1 
2 
3 

4 
5 
6 
7 


1 
2 
3 
4 

5 
6 
7 

1 
2 
3 

4 
5 
6 
7 


Lead  c}  Under.         Per  square  inch. 


Diameter.'  Shorten- 
ing. 


Energy.   Pressure. 


Inches. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


Inches, 
0.187 

0.161 

0.154 

0.155 

0.126 

0.141 

0.174 


0.180 
a  169 
0.200 
0.103 
0.17L 
0.177 
0.  lf>9 


0.177 

0.165 
0.176 
0.140 
0.189 
0.141 
0.131 
0.222 

0.187 

0.163 
0.157 
0.130 
0.121 
0.140 

0.185 
0.191 
0.169 
0.156 
0.156 
0.171 
0.236 


Foot'Vbe. 
72.63 

5&41 

64.65 

55.15 

40.85 

4&04 

2.48 


0.140 

47.52 

0.147 

50.73 

0.149 

51.34 

0.154 

54.65 

0.120 

88.05 

0.132 

43.62 

0.139 

1.75 

2.54 

60.43 
66  87 
47.52 
47.06 
4&04 
43.09 
3.60 

72.63 

50.42 
56.25 
47.06 
38.52 
1.77 

71.52 
74.88 
62.57 
55l70 
55.70 
63.64 
3.00 


72.08 
62.57 
80.46. 
7&06 
63.64 
66.05 
2.82 


Lhe. 
17,398 

15.044 

14,392 

14,480 

11.853 

13,208 

1.832 


13, 113 
13,768 
13.949 
14,392 
11,305 
12,381 
1.453 


17.309 
15.74B 
18,625 
17,038 
16,928 
16.477 
1,008 


1,859 

15.890 
16.388 
13. 113 
13,026 
13,208 
12,282 
2,348 

17.898 

16. 217 
14,671 
13.036 
11.308 
1.402 

17.220 
17,756 
15.748 
14. 575 
14, 575 
15, 928 
2,514 


Bemnrks. 


Lost  ring. 


Lost  gauge  and 
socket. 


No.  23 53 
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APPBNDIX  A. 


Details  of  experiments  with  the  RiuQS — Goutinued. 


s     ' 

S  I 

a  ^  I 


Details  of  exporimt  nt. 


I    &59 


Explosive,  Hercules  No.  1;  ting,  5  foot;  charge, 
5  pounds;  snbniergence,  84  feet;  depth  of 
water,  73  feet;  case,  can  No.  2,  sawdnst  tamp- 
ing; ignition,  Laflin  Sl  Kand  dj-namo,  1  service 
low  tension  fuze.    Bffecta :  Normal. 


680 


Szplosire,  Hercales  No.  2;  ting.  5  foot;  charge, 
4  pounds;  submergence,  34  feet ;  depth  of  water, 
80  ft-et;  case,  can  No.  2,  sawdust  tamping; 
ignition,  Laflin  Sc  Rand  dynamo,  1  service  low 
tension  fuze.  Effects:  Buoy  rose  3|  feet  and 
sunk  in  a  Jet  about  3  feet  high. 


561 


Explosive,  Hercules  No.  2;  ring,  5  foot;  charge, 
5  pounds ;  submergence,  34  feet ;  depth  of  water, 
80  feet;  case,  can  No.  2,  sawdust  tamping; 
ignition,  Laflin  ft  Band  dynamo,  1  service  low 
tension  fuze.    Effects :  Jet  about  3  feet  high. 


562 


563 


5C4 


565 


Explosive,  Hercules  No.  1;  ring,  5  foot;  charge, 
4  pounds,  submergence,  34  feet;  depth  of  water, 
80  feet;  case,  can  No.  2,  sawdust  tamping; 
Ignition,  Laflin  ft  Band  dynamo,  1  service  low 
tension  fuze.    Effects:  Normal. 


Explosive,  Hercules  No.  1 ;  ring,  5  foot;  charge, 
5 pounds;  submergence.  34  feet;  depth  of  water, 
80  feet;  case,  can  No.  2,  sawdust  tamping; 
ignition,  Laflin  ft  Band  dynamo,  1  service  low 
tension  fuze.  Effects:  Buoy  rose  r>  feet  and  fell 
in  a  6-foot  dome. 


Gauge. 


Explosive,  Hercules  No.  2;  ring,  5  foot;  charge, 
5  pounds;  submergence,  34  feet ;  depth  of  water, 
80  feet;  case,  can  No.  2,  sawdust  tamping; 
ignition,  Laflin  ft  Band  dynamo,  1  service  low 
tension  fuze.  Effects:  Buoy  rose  4i  feet  and 
sunk  into  a  3-foot  dome. 


Explosive,  Hercules  No.  2;  ring,  5  foot;  charge, 
5  pounds ;  submergence,  34  feet ;  depth  of  water, 
80  feet;  case,  can  No.  2,  sawdnst  tamping; 
ignition,  Laflin  ft  Baod  dynamo,  1  service  low 
tension  fuze.    Effects:  Buoy  rose  5  feet. 


Kind.      Number. 


Lead  cylinder. 


Diameter 


No. 


3 


3 


3 


1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 


1 
2 
3 

4 
5 
6 
7 


1 
2 
3 
4 

5 
6 
7 


1 
2 
3 
4 
5 
6 
7 


1 
2 
3 

4 
5 
6 
7 


1 
2 
3 

4 
5 
6 
7 


1 
2 
3 

4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 


Jneftet. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

a3 


0.4 
0.4 
0.4 
0.4 

a4 

0.4 

a3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 

a4 

0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 

a4 

0.4 
0.3 


0.4 
0.4 


Shorten- 
ing. 


0.4 

0.4 

0.4 

0.4 

0.3 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.3 

Inehea. 
0.187 
0.210 
0.161 
0.150 
0.165 
0.157 
0.270 


0.136 
0.136 
0.083 
0.123 
0.084 
0.001 
0.138 

0.143 
0.126 
a  113 
a  138 
0.109 
0.124 
0.241 


0.144 
0.134 
0.106 
0.140 

am 
ao82 
a  197 


0.136 
0  156 
0.111 

a  128 

0.095 
0.133 
0.174 

0.174 
0.143 
0.128 
0.129 
0.111 
0.141 
a229 

0.174 
0.174 
0.160 
0.157 
0.153 
0.140 
0.228 


Per  square  inch. 


Energy.    Pressure. 


Foot'W: 
72.63 

87.00 

5a  41 

52.64 

60.43 

56l25 

&03 


45.06 
4&66 
26.69 
89l47 
23.34 
25.94 
1.74 

4a  08 
40.85 
34.94 
46.59 
33.22 
39.95 
4.14 

49.69 
44.67 
32.02 
47.62 
34.06 
22.65 
2.96 

4&66 
66.80 
34.06 
41.70 
27.44 
44.14 
2.48 

65.36 
49.08 
41.70 
42.18 
34.06 
48.64 
3.79 

66.36 
66.86 
57.90 
66.25 
54.15 
51.34 
3.77 


Lbt. 
17,398 

19,620 

16,044 

14,040 

15^380 

14,671 

2,934 


12,764 
12,764 
8.925 
11,584 
a  162 
8,758 
1,444 

13,387 
11.853 
10,679 
12,939 
10,328 
11,677 
2,577 

13,492 
12,578 
10,076 
13,113 
10,501 
7.990 
2.071 

12.764 
14,766 
10,501 
12,018 

9,093 
12,479 

1,832 

16.199 
13,397 
12,018 
12,100 
10,501 
13,208 
2,427 

16,199 
16,199 
14,957 
14,671 
14,304 
13,949 
2,418 


Bcmarks. 


Gauge  broke. 


Elongated  mark. 


Gauge  broken. 
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ihiaila  of  experiments  with  the  Rings-^Goutinued. 


Details  of  exi>eriment. 


I 


500 


ExploftiTe,  Hercules  Ku.  1 ;  ring,  S.fout ;  charge,  5 
pounds ;  submergeuoe,  34  feet ;  depth  of  water, 
80  feet ;  case,  can  No.  2,  sawdust  tampfog ;  igni- 
tion, Laflin  St  Rand  dynamo,  1  service  low  ten- 
sion fuse.    Effects :  Normal. 


507 


608 

to 
015 

010 


Explosive,  Hercules  Ko.  1 ;  ring,  S  foot. ;  charge,  5 
pounds  ;  submergence,  34  feet ;  depth  of  water, 
80  feet ;  case,  can  No.  2,  sawdust  tamping ;  igni- 
tion, Laflin  Sc  Rand  dynamo,  1  service  low  ten- 
sion fuse.    Eflfects :  Normal. 

Fired  from  slab  t6  study  sympathetic  explosions.— 
See  page  125. 

Explosive,  electric  powder  Na  1 ;  ring,  4  foot ; 
charge,  1  pound ;  submergence,  33  feet ;  depth 
of  water,  82  feet ;  case,  ftixe  can ;  ignition,  Latlin 
Sc.  Rand  dynamo,  1  service  low  tension  fuse. 
Effects :  Buoy  rose  slightly. 


017  '  Explosive,  electric  powder  No.  1';  ring,  4  foot ; 
charge,  1  pound ;  submergence,  38  feet ;  depth 
of  water,  82  feet ;  case,  Aise  can ;  ignition,  Laflin 
St  Rand  dynamo,  1  service  low  tension  fuse. 
Effects :  Buoy  rose  0  inches ;  the  bubbles  were 
unusually  slow  in  appearing. 


018  Explosive,  electric  powder  Na  1 ;  ring,  4  foot ; 
charge,  1  pound ;  submergence,  33  feet ;  depth 
of  water,  82  feet;  case, ftaxecan ;  ignition, Laflin 
&  Rand  dynamo,  1  service  low  tension  ftise. 
Effects:  Normal. 


019 


Explosive,  electric  powder  No.  2 ;  ring,  4  foot ; 
charge, 2  pounds;  submergence, 83  feet;  depth 
of  water,  82  feet ;  case,  can  Na  1,  sawdust  tamp- 
ing; ignition,  Laflin  Sc  Rand  dynamo,  1  service 
low  tension  fase.    Effects:  Normal. 


020 


Explosive,  electric  powder  No.  2;  ring,  4  foot; 
charge,  2  pounds ;  submergence,  88  feet ;  depth 
of  water,  82  feet ;  case,  can  No.  1,  sawdust  tamp- 
ing ;  ignition,  Laflin  Sc  Rand  dynamo,  1  service 
low  tension  fuse.    Effects :  Buoy  rose  1  foot. 


Gauge. 

Leadcj 

linder. 

Per  square  inch. 

1 

1 

Remarks.          , 

1 

1 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Inchet. 

Energy. 
FooUbi. 

Pressure. 

No. 

Inchet. 

IM. 

1 

1 

0.4 

0.138 

...... 

Pin  Jammed. 

1 

2 

0.4 

0.187 

61.60 

15,609 

1 

3 

0.4 

0.177 

60.96 

10,477 

1 

1 

4 

0.4 

0.161 

63.14 

14,128 

1 

i 

1 

5 

0.4 

0.158 

60.80 

14,700 

1 

0 

0.4 

0.106 

00.43 

15,300 

• 

3 

7 

0.3 

0.310 

o.r»8 

3,477 

1 

,         1 

1 

0.4 

0.187 

72.03 

17,396 

Broke  pin. 

1         1 

2 

0.4 

0.172 

04.18 

18,018 

1 

3 

0.4 

0.140 

50.42 

13,078 

1 

4 

0.4 

0.132 

53.64 

14, 218 

1 

5 

0.4 

0.151 

53.14 

14,128 

1 

1 

0 

0.4 

0.153 

54.15 

14,304 

3 

7 

0.3 

0.225 

3.70 

2,390 

1 
1 

1 

1 

0.4 

0.000 

18.08 

0,884 

1 
1 

1 

2 

0.4 

0.060 

12.03 

6,215 

1 

8 

0.4 

0.005 

10.73 

0,537 

1 

4 

0.4 

0.052 

12.62 

6,393 

1 

5 

a4 

0.054 

13.21 

5,576 

1 

0 

0.4 

0.040 

10.70 

4,864 

\ 

\ 
i 

3 

7 

0.3 

0.015 

0.09 

201 

1 

1 

0.4 

0.053 

12.91 

5,488 

■ 

1 

2 

0.4 

0.052 

12.02 

5,396 

1 

3 

0.4 

0.002 

15.78 

0,280 

1 

4 

0.4 

0.008 

17.74 

0,797 

1 

1 

5 

0.4 

0.052 

,12.02 

5,395 

1 

1 

« 

0.4 

0.050 

13.83 

5,757 

1 

1 

3 

7 

0.3 

0.010 

0.10 

209 

1 

• 
1 

1 

0.4 

0.122 

Defective  gauge,      i 

1 

2 

0.4 

0.052 

12.02 

5,395 

1 

3 

0.4 

0.077 

20.83 

7.564 

1 

4 

0.4 

0.055 

13.50 

5.660 

1 

1 

5 

0.4 

0.050 

13.83 

5,757 

1 

1 

0 

0.4 

0.052 

12.62 

5,385 

3 

7 

0.8 

0.014 

0.09 

191 

1 

1 

0.4 

0.083 

23.00 

8,080 

1 

2 

0.4 

0.070 

2L58 

7,745 

1 

1 

1 

3 

0.4 

0.003 

2&09 

8.925 

' 

1 

1 

4 

0.4 

0.075 

20.08 

7,382 

1 

5 

0.4 

0,002 

26  32 

8,841 

1 

1 

0 

0.4 

0.084 

23.34 

8,102 

1 

3 

7 

0.3 

0.031 

0.23 

377 

1 

1 

0.4 

0.087 

17.41 

6.711 

1 

2 

0.4 

0.079 

.      21.58 

7,745 

t 

1 

3 

0.4 

0.071 

18.75 

7,053 

1 

1 

4 

0.4 

0.068 

17.74 

6,797 

1 

5 

0.4 

,      0.053 

12.01 

6,480 

1 

1 

1 

0 

0.4 

0.059 

14.82 

6.028 

3 

7 

0.3 

1      0.020 

0.12 

1 

243 

1 
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Details  of  experiments  toith  the  Rings — Continued. 


a 

a 
o 


621 


822 


623 


624 


625 


626 


627 


DeUila  of  experiment 


Explosiye,  electric  powder  No.  2 ;  ring,  4  foot ; 
charge,  2  pounds ;  submei-genco,  33  feet ;  depth 
of  water,  82  feet ;  caae,  cun  No.  1,  aawduat  tamp- 
ing ;  ignition,  Laflin  &  Rand  dynamo,  1  aerrice 
low  tension  fuse.    Effects:  Normal. 


ExploslYe,  electric  powder  No.  2;  ring,  4  foot; 
charge,  3  pounds;  submergence, 33  feet ;  depth 
of  water,  82  feet ;  case,  can  No.  1 ;  ignition,  Laflin 
&.  Rand  dynamo,  1  service  low  tension  fuze. 
Eflbcts:  Buoy  rose  2^  feet. 


Explosive,  electric  powder  No.  2 ;  ring,  4  foot ; 
charge,  3  pounds ;  submergence,  33  feet ;  depth 
of  water,  82  feet ;  case,  can  No.  1 ;  ignition,  Laflin 
&,  Rand  dynamo,  1  service  low  tension  fuse. 
Effects:  Buoy  rose  3|  feet. 


Explosive,  electric  powder  No.  2 ;  ring,  4  foot ; 
charge,  8  pounds;  submergence,  33  feet;  depth 
of  water,  82  feet ;  case,  can  No.  1 ;  ignition,  Laflin 
Sl  Rand  dynamo,  1  service,  low  tension  fiise. 
Effects :  Buoy  rose  3  feet. 


Explosive,  electric  powder,  No.  2 ;  ring,  4  foot ; 
charge,  4  pounds ;  submergence,  33  feet ;  depth 
of  water,  82  feet ;  case,  can  Na  2,  sawdust  tamp- 
ing; ignition,  Laflin  &  Rand  dynamo,  1  service 
low  tension  fuse.  Effects:  Buoy  rose  4  feet; 
dome  sppeared  after  it  had  sunk  out  of  sight. 


Explosive,  eloi  trie  powder  No.  8 ;  ring,  4  foot ; 
charge, 4 pounds;  submergence,  33  feet;  depth 
of  water,  82  feet ;  case,  can  No.  2,  sawdust  tamp- 
ing ;  ignition,  Laflin  &  Rand  dynamo,  1  service 
low  tension  fuze.    Effects :  Buoy  rose  3  feet. 


Gauge. 


Explosive,  electric  powder  No.  2;  ring,  4  foot; 
charge,  4  pounds ;  submorgruco,  33  feet ;  depth 
of  water,  82  feet ;  case,  can  No.  2,  sawdust  tamp- 
ing; ignition,  Laflin  &  Rand  dynamo,  1  service 
low  tension  fuse.  Effects:  Buoy  rose  3  feet; 
sunk,  and  a  2-foot  boil  rose  at  once  over  it. 


Kind. 


Ko. 
1 

1 

1 

1 

1 

I 

3 


1 
1 
1 
1 
1 
1 
3 


1 
1 
1 
1 
1 
1 
3 


1 
1 
1 
1 
1 
1 
3 


1 
1 
1 
1 
1 
1 
3 


1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 


Number. 


Lead  cylinder. 


1 
2 
3 

4 
5 
6 
7 


1 
2 
8 
4 
6 
6 


1 
2 

3 

4 
5 
6 
7 


1 
2 
3 
4 
5 
6 
7 


1 
2 
3 
4 

6 
6 
7 


1 
2 
3 
4 

5 
6 

7 

1 
2 
3 
4 

5 
6 

7 


Diameter. 

Inehet. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


0.4 

0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


0.4 

a4 

0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


Shorten- 
ing. 


Inehea. 
0.076 

0.057 

0.055 

-0.060 

0.065 

0.057 

a020 


0.121 
0.100 
0.130 
0.127 
0.121 
0.090 
0.078 

0.106 
O.0M 
0.125 
0.120 
0.119 
0.111 
0.070 

0.092 
0.088 
0.100 
0.097 
0.121 
0.104 
0.073 

0.129 
0.111 
0.129 
a  116 
0.115 
0.106 
0.140 

0.128 
0.122 
0.113 
0.121 
0.129 
0.109 
0.100 

0.182 
0.123 
0.113 
0.119 
0.116 
0.101 
0.108 


Per  square  inch. 


Energy.   Pressure. 


Foot4b9. 
20.46 
14.16 
13.50 
15.15 
1&73 
14.16 
0.12 


38.52 
29.56 
47.06 
41.28 
38.52 
2&57 
0.79 

88.02 
27.07 
40.42 
3&05 
37.60 
34.06 
0.81 

26.32 
24.82 
83.22 
28.28 
88w52 
81.29 
0.73 

42.13 
34.06 
42.13 
36.27 
35.82 
32.02 
L77 

4L70 
39.00 
34.04 
38.52 
42.13 
33.22 
Lll 

48.6-3 
39.47 
34.94 
37.60 
86.27 
29.98 
L24 


Lba. 
7,473 
5,847 
5,666 
6,119 
6,537 
5,847 
243 


11,398 

9,552 

13,026 

11,935 

11,398 

8,674 

856 


10.076 
9,009 
11,770 
11,305 
11,215 
10,501 
886 


8^841 

8,508 
10.328 

9.276 
11,386 

9,904 
810 


12.100 
10,501 
12,100 
10,947 
10,857 
10,076 
1.462 

12,018 
11,491 
10,679 
11,398 
12,100 
10,328 
1,071 

12,381 
11,584 
10,679 
11, 215 
10,947 
9.640 
1,152 


Remarks. 
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Details  of  experiments  with  the  Rings — Gontinaed. 


830 


631 


632 


634 


Details  of  experiment 


Explosive,  electric  powder  Ko.  2;  ring,  4  foot; 
charge,  6  pounds ;  submergence,  83  feet ;  depth 
of  water,  82  feet;  case,  can  No.  2,  sawdust 
tamping;  ignition,  Laflin  &  Kand  dynamo,  1 
service  low  tension  f^se.  Sfltects:  Bnoy  rose 
4  feet. 


ExploaiTe,  electric  powder  No.  2;  ring,  4  foot; 
charge,  5  ponnds ;  submergence,  83  feet ;  depth 
of  water,  82  feet;  case,  can  No.  2,  sawdust 
tamping;  ignition,  Laflin  &,  Kand  dynamo,  1 
service  low  tension  fuze.  Effects:  Bnoy  rose 
4  feet;  boil,  3  feet 


Explosive,  electric  powder  No.  2;  ring,  4  foot; 
charge,  5  pounds;  submergence,  33  feet;  depth 
of  water,  82  feet;  case,  can  No.  2,  sawdust 
tamping;  Ignition,  Laflin  Sc  Band  dynamo,  1 
service  low  tendon  fuze.  Effects:  Buoy  rose 
less  than  before. 


Escplosive,  electric  powder  No.  1 ;  ring,  4  foot ; 
charge,  2  pounds ;  submergence,  83  feet ;  depth 
of  water,  82  feet;  case,  can  No.  1,  sawdust 
tamping;  ignition,  Laflin  &.  Band  dynamo,  1 
service  low  tt-nsion  fbce.  Effects:  Buoy  rose  2 
feet. 


Explosive,  electric  powder  No.  1;  ling,  4  foot; 
charge,  2  pounds ;  submergence,  33  feet ;  depth 
of  water,  82  feet;  case,  can  No.  1,  sawdust 
tamping;  ignition,  Laflin  &  Rand  dynamo,  1 
service  low  tension  fuxo.  Effects:  Buoy  rose 
2|  feet ;  large  upward  boiling  of  water. 


Explosive,  electric  powder  No.  1 ;  ring,  4  foot ; 
charge,  2  pounds ;  submergence,  33  feet ;  depth 
of  water,  82  feet;  case,  can  No.  1,  sawdust 
tamping;  ignition,  Laflin  Sc  Rand  dynamo,  1 
service  low  tension  ftize.    Effects :  Normal. 


Explosive,  electric  powder  No.  1;  ring,  4  foot; 
charge,  3 pounds;  submergence,  83  feet;  depth 
of  water,  82  feet;  case,  can  No.  1;  ignition, 
Laflin  Sc,  Baud  dynamo,  1  service  low  tension 
fuse.    Effects :  Buoy  rose  4^  feet 


Gauge. 


Kind. 


No. 


8 


8 


3 


3 

1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 


Number. 


1 
2 
3 

4 
5 
0 
7 


1 
2 
3 

4 
5 
6 
7 


1 
2 
3 
4 
5 


1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 

5 
6 

7 


1 
2 
3 
4 
6 
6 
7 

1 
2 
3 
4 

6 
6 

7 


Lead  cylinder. 


Diameter. 


Jnehet. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


Shorten- 
ing. 


Inchet. 
0.152 

0.140 

0.161 

0.147 

0.150 

0.120 

0.123 


0.140 
0.131 
0.155 
0.131 
0.143 
0.126 
0.111 

0.137 
0. 14-2 
0.153 
0.147 
0.140 
0.133 
0.177 


0.077 
0.067 
0.077 
0.077 
0.075 
0.085 
0.032 

0.096 
0.078 
0.083 
0.077 
0.077 
0.082 
0.051 

0.065 
0.065 
0.072 
0.069 
0.065 
0.064 
0.031 

0.116 
0.109 
0.132 
0.123 
0.116 
0.104 
0.100 


Per  square  inch. 


Energy. 


Foot-lb§. 
53.64 

47.52 

58.41 

50.73 

57.35 

3&05 

1.48 


47.52 
43.09 
55.15 
43.09 
40.08 
40.85 
1.28 

46.13 
48.56 
54.15 
r*0.73 
r>1.34 
44.14 
2.54 


20.83 
17.41 
20.83 
20.83 
20.08 
23.00 
0.24 

27.86 
21.21 
23.00 
20.83 
20.83 
22.65 
0.45 

16.73 
16.73 
10.08 
18.08 
16.73 
16.42 
0.23 

36.27 
83.22 
43.62 
39.47 
36.27 
3L29 
LU 


Pressure. 


14, 216 
13, 113 
15,044 
13,768 
14,862 
11, 305 
1,297 


13,113 
12,282 
14,480 
12,282 
13,897 
11,853 
1,181 

12, 851 
13,803 
14,804 
13,768 
13,049 
12, 479 
1,850 

7,564 
6,711 
7,564 
7,564 
7,882 
8,244 
389 


0,184 
7,654 
8,080 
7,564 
7,564 
7,999 
588 


6,537 
6,537 
7, 135 
6,884 
6,537 
6,453 
377 

10.047 
10.328 
12,381 
11.584 
10,047 
9,904 
1,071 


Remarks. 
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DetaiU  of  experimienU  with  the  Rings — Continued. 


a 

0 


•"I 


Details  of  experiment. 


835 


636 


639 


640 


641 


ExplosiTe,  electric  powder  No.  1;  ring,  4  foot; 
charge,  3  poonda ;  submergence,  33  feet ;  depth 
of  water,  82  foet ;  case,  can  No.  1 ;  ignition, 
Laflin  St  Rand  dynamo,  1  aerrice  low  tension 
faze.  Effects:  Buoy  rose  4|  feet;  boil  1  foot 
high. 


Explosire,  electric  powder  No.  1 ;  ring,  4  foot ; 
charge,  3  pounds ;  submergence,  33  feet ;  depth 
of  water,  82  feet ;  case,  can  No.  1 ;  ignition, 
Laflin  tc  Kand  dyuamu,  1  service  low  tension 
fuse.    Effects:  Normal 


Oauge. 


Lead  cylinder. 


Per  sqnore  inch. 


Remarks. 


637  Explosire,  electric  powder  No.  1 ;  ring,  4  foot ; 
charge,  4  pounds;  submergence,  33  feet;  depth 
of  water,  82  feet;  case,  can  No.  2,  sawdust 
tamping;  ignition,  Laflin  ic  Rand  dynamo,  1 
service  low  tension  fuze.  Effects :  Buoy  rose  4} 
feet. 


638  Explosive,  electric  powder  No.  1 ;  ring,  A  foot ; 
ohi^^e,  4  pounds ;  submergence,  33  feet ;  depth 
of  water,  82  feet;  case,  can  No.  2,  sawdust 
tamping;  Ignition,  Laflin  k.  Rand  dynamo,  1 
service  low  tension  fuze.  Effects:  Buoy  rose 
only  2  feet,  and  boiUng  of  water  was  less  than 
for  last  shot. 


Explosive,  electric  powder  No.  1 ;  ring,  4  foot ; 
charge,  4  pounds ;  submergence,  33  feet ;  depth 
of  water,  82  feet;  case,  can  No.  2,  sawdust 
tamping;  ignition,  Laflin  Sl  Rand  dynamo,  1 
service  low  tension  fuze.  Effects:  Buoy  rose  Si 
feet;  dome  about  li  feet  high. 


Explosive,  electric  powder  No.  1;  ring,  4  foot; 
charge,  5  pounds ;  submergence,  33  feet ;  depth 
of  water,  82  feet;  case,  can  No.  2,  sawdust 
tamping;  ignition,  Laflin  &  Rand  dynamo,  1 
service  low  tension  fuze.  Effects :  Buoy  rose 
4|  feet ;  a  2-foot  dome  of  water. 


Explosive,  electric  powder  No.  1 ;  ring,  4  foot ; 
charge,  5  pounds ;  submergence,  33  feet ;  depth 
of  water,  82  feet;  case,  can  No.  2,  sawdust 
tamping;  ignition,  Laflin  &  Rand  dynamo,  1 
service  low  tension  fuze.  Effects:  Buoy  and 
dome  as  in  lost  shot ;  oflicers  at  distance  of  a 
mile  report  fish  as  jumping  from  water  near 
them  at  explosion. 


Kind.      Number.  Diameter.:  Shorten-    ^^^^y    p^asure. 


No, 


3 


3 


1 
I 
1 
1 
1 
1 
3 

1 

1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 


1 
2 
3 

4 
5 
6 

7 


1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
8 
4 
5 
6 
7 

1 
2 
3 

4 
5 
6 
7 

1 
2 
8 
4 
& 
6 
7 

1 
2 
3 
4 
5 
6 
7 


Incheg. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.3 


0.4 


0.4 
0.4 
0.4 
0.4 

a4 

0.3 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 

0.4 

a4 

0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 


Inches. 
0.120 
0.126 
0.125 
0.122 
0.109 
a  118 
0.080 


0.120 
0.117 
0.130 
0.115 
0.126 
0.119 
0.098 

0.141 
0.135 
0.123 
0.139 
0.136 
0.116 
0.127 

0.096 
0.085 
0.079 
0.079 
0.076 
0.067 
0.037 

0.132 
0.123 
0.137 
0.135 
0.125 
0.110 
0.119 

0.174 
0.156 
0.161 
0.137 
0.158 
0.153 
0.088 

0.162 
0.147 
0.136 
0.145 
0.157 
0.136 


Foot^, 
38.05 

40.42 

40.42 

89.00 

33.22 

37.16 

0.82 


38.05 
36.71 
42.56 
35.82 
40.85 
37.60 
LOS 


48.04 
46.20 
30.47 
47.06 
45.66 
36.27 
1.55' 

27.86 
23.69 
21.58 
21.58 
20.46 
17.41 

o.m 

43.62 
39l47 
46.13 
45.20 
40.42 
37.60 
L41 

65.26 
55.70 
58.41 
56.25 
56.80 
54.15 
0.95 

58.91 
50.73 
45.66 
50.12 
56.25 
45.66 


11,805 
11,770 
11,770 
11,491 
10,328 
11,126 
876 


11,805 
11,036 
12,183 
10,857 
11,853 
11,215 
1.053 

13,208 
12,677 
11,584 
13,026 
12,764 
10,947 
1,336 

9,184 

8,244 
7,745 
7.745 
7,473 
6,711 
451 

12,381 
11,584 
12,851 
12, 6n 
11, 770 
11,215 
1,258 

16.199 
14,575 
15,  OU 
14,671 
14,766 
14,304 
964 

15.130 
13,768 
12,764 
13,587 
14,671 
12,764 


Slipped. 
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Detailt  of  a^eritnents  toith  the  Rings — Gontinned. 


• 

B 

a 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

11 

Details  of  experiment. 

Bemarks. 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Jnche*. 

Energy. 

Pressure. 

No. 

Inches, 

Foot'Uu. 

Lba. 

642 

Explosive,  picric  powder;  ring,  4  foot;  charge,  2 

1 

1 

0.4 

0.116 

36.27 

10,947 

poimda;  anbmergence,  33  feet;  depth  of  water, 

1 

2 

0.4 

0.138 

46.59 

12,939 

85  feet;  CHse,  can  No.  1,  savdust  tamping;  ig- 

1 

3 

0.4 

0.116 

36.27 

10,947 

nition,  Laflin  &  Band  dynamo,  1  service  low 

1 

4 

0.4 

0.113 

34.94 

10,679 

tension  fuxe.    Effects :  Bnoy  rose  2|  feet. 

1 

6 

0.4 

0.104 

31.29 

9,904 

1 

6 

0.4 

0.004 

27.07 

9,009 

! 

3 

7 

0.3 

0.124 

1.49 

1,306 

1 

643 

Explosive,  picric  powder ;  ring,  4  foot ;  charge,  2 

1 

1 

0.4 

0.117 

36.71 

11,036 

pounds ;  submergence,  33  feet ;  depth  of  water. 

1 

2 

0.4 

0.147 

50.73 

13,768 

85  feet;  case,  can  No.  1,  sawdnst  tamping;  ig- 

1 

3 

0.4 

0.104 

31.29 

9,904 

nition,  Laflin  &,  Rand  dynamo,  1  service  low 

1 

4 

0.4 

0.106 

32.82 

10, 244 

tension  fuze.    Effects :  Bnoy  rose  2|  feet 

1 

5 

0.4 

0.107 

82.42 

10,160 

1 

6 

0.4 

0.103 

30.85 

9,816 

3 

7 

0.3 

0.090 

0.98 

986 

644 

Explosive,  picric  powder;  ring,  4  foot;  charge,  2 

1 

1 

0.4 

0.112 

34.50 

10,500 

pounds;  submergence,  33  feet;  depth  of  water. 

1 

2 

0.4 

0.120 

38.05 

11,305 

85  feet;  case,  can  No.  1,  sawdust  tamping;  ig- 

1 

3 

0.4 

0.097 

28.28 

9,276 

. 

nition,  Laflin  Sc  Band  dynamo.  1  service  low 

1 

4 

0.4 

0.107 

32.42 

10,160 

tension  fbse.    Effects:  Normal. 

1 

5 

0.4 

0.097 

28.28 

9.276 

1 

6 

0.4 

0.100 

29.55 

9,552 

• 

3 

7 

0.3 

0.094 

1.03 

1,018 

645 

Explosive,  picric  powder ;  ring,  4  foot ;  charge,  3 

1 

1 

0.4 

0.128 

41.70 

12, 018 

pounds;  submergence,  33  feet;  depth  of  water. 

1    • 

2 

0.4 

0.137 

41.28 

11,935 

85  feet ;  case,  can  No.  1 ;  ignition,  Laflin  Sc  Band 

1 

3 

0.4 

0.148 

51.03 

13,859 

dynamo,  1  service  low  tension  fuze.    Effects: 

1 

4 

0.4 

0.149 

51.34 

13,949 

Bnoy  rose  3|  feet. 

1 

5 

0.4 

0.136 

45.66 

12,764 

1 

6 

0.4 

0.187 

46.13 

12, 851 

■ 

a 

7 

0.3 

0.080 

0.82 

876 

646 

Explosive,  picric  powder ;  ring,  4  foot;  charge,  3 

1 

1 

0.4 

0.137 

46.13 

12,851 

pounds;  submergence,  33  feet;  depth  of  water, 

1 

2 

0.4 

0.138 

46.59 

12,939 

1 

85  feet ;  case,  can  No.  1 ;  ignition,  Laflin  Sc  Band 

1 

3 

0.4 

0.138 

46.59 

12,939 

1 

1 

dynamo,  1  service  low  tension  fuze.    Effects: 

1 

4 

0.4 

a  145 

50.12 

13,587 

1 

1 

Buoy  rose  4i  feet. 

1 

5 

0.4 

0.138 

46.50 

12,939 

1 

1 

1 

6 

0.4 

0.136 

45.66 

12,764 

3 

7 

0.3 

0.163 

2.25 

1,718 

647 

Explosive,  picric  powder ;  ring;  4  feet ;  charge,  3 

1 

1 

0.4 

* 

0.141 

48.04 

13,208 

j 

pounds ;  submergence,  33  feet ;  depth  of  water, 

1 

2 

0.4 

0.136 

45.66 

12,764 

85  feet;  case,  can  No.  1 ;  ignition,  Laflin  Sc  Band 

1 

3 

0.4 

0.161 

53.14 

14,128 

djniamo,  1  service  low  tension  fuze.    Effects: 

1 

4 

0.4 

0.141 

48.04 

13,208 

Like  last  shot. 

1 

5 

0.4 

0.150 

52.64 

14,040 

1 

« 

0.4 

0.141 

48.04 

13,208 

3 

7 

0.3 

0.145 

L87 

1,517 

648 

Explosive,  picric  powder ;  ring,  4  foot ;  charge,  4 

1 

1 

0.4 

0.164 

50.92 

15,303 

pounds;  submergence,  33  feet;  depth  of  water. 

1 

2 

0.4 

0.168 

62.03 

15,658 

85  feet;  case,  can  No.  2,  sawdust  tamping;  ig- 

1 

3 

0.4 

0.154 

54.65 

14,392 

nition,  Laflin  Sc  Band  dynamo,  1  service  low 

1 

4 

0.4 

0.150 

52.64 

14,040 

tension  fhze.    Effects:  Buoy  rose  ^  feet;  dome 

1 

5 

0.4 

0.162 

58.91 

15,130 

2  feet  high. 

1 

6 

0.4 

0.130 

47.06 

13,026 

3 

7 

0.3 

0.204 

•       3.15 

2,146 

424 


APPENDIX   A. 


Detail*  of  experiments  toith  the  £tffjr«— Continued. 


1 

Gauge. 

Lead  cylinder. 

Per  square  inch. 

11 

Details  of  experiment. 

Remarki. 

•a 
g 

Kind. 

Number. 

Shorten- 
ing. 

Inches. 

Energy. 

Pressure. 

yo. 

Jnehet. 

FoUibs. 

Lb». 

649 

Ezploeive,  picrio  powder ;  ring,  4  foot ;  charge,  4 

1 

1 

0.4 

a  162 

68.91 

15,180 

pounds ;  submergence,  33  feet ;  depth  of  water, 

1 

2 

0.4 

0.137 

46.13 

12,851 

85  feet;  case,  can  "So,  2,  sawdust  tamping;  ig- 

1 

8 

0.4 

0.157 

66.25 

14,071 

nition,  Laflin  Sl  Rand  dynamo,  1  service  low 

1 

4 

0.4 

0.167 

61.50 

15,560 

1 

tension  fute.    Effects:  27ormal. 

1 

5 

0.4 

0.150 

57.35 

14,862 

1 

1 

6 

0.4 

0.156 

55.70 

14, 575 

8 

7 

0.3 

0.162 

2.24 

1,706 

6S0 

SxplosiTe,  picric  powder;  ring,  4  foot;  charge,  4 

1 

1 

0.4 

0.152 

58.64 

14>21C 

pounds;  submergence,  38  feet;  depth  of  water, 

1 

2 

0.4 

0.150 

52.64 

14,040 

85  feet;  case,  can  No.  2,  sawdust  tamping;  ig- 

1 

8 

0.4 

0.137 

46.13 

12,851 

nition,  Laflin  Sl  Band  dynamo,  1  service  low 

1 

4 

0.4 

0.163 

59.42 

15,217 

tension  ftize.    Strong  squall  of  wind.   Effects: 

1 

5 

0.4 

0.144 

49.60 

13,492 

buoy  rose  only  2  feet,  but  boil  was  normal ;  Pri- 

1 

6 

0.4 

0.156 

65.70 

14,575 

rate  Kirwin  had  finger  caught  in  block  in  rais- 

8 

7 

0.3 

0.156 

2.18 

1,679 

ing  ring;  the  first  accident  during  these  trials. 

651 

Explosive,    Designolle    powder;    ring,   4    foot; 

1 

1 

0.4 

0.111 

84.66 

10,501 

' 

charge,  2  pounds;  submergence,  33  feet;  depth 

1 

2 

0.4 

0.122 

89.00 

11.491 

1 

of  water,  75  feet;  case,  can  Ko.  1,  sawdust 

1 

3 

0.4 

0.060 

1&08 

6,884 

tamping;  ignition,  Laflin  St,  Rand  dynamo,  1 

1 

4 

0.4 

0.000 

29.13 

9.460 

service  low  tension  ftise.    Effects:   Buoy  rose 

1 

5 

0.4 

0.071 

18.75 

7,053 

1 

2|  feet;    used  a  third  boat  for  carrying  the 

1 

6 

0.4 

0.075 

20.08 

7,382 

1 

loaded  torpedoes  for  first  time. 

3 

7 

0.8 

0.030 

0.83 

475 

1 

] 

662 

Explosive,    Designolle  powder;     ring,    4   foot; 

1 

1 

0.4 

0.090 

29.13 

0,460 

' 

charge,  2  pounds;  submergence,  33  feet;  depth 

1 

2 

0.4 

a  100 

29.56 

9,652 

1 

of  water,  75  feet;   case,  can  No.  1,  sawdust 

1 

8 

0.4 

0.086 

24.07 

8,330 

1 

tamping;  ignition,  Laflin  &  Rand  dynamo,  1 

1 

4 

0.4 

0.091 

25.94 

8.758 

, 

service  low  tension  fuse.    Effects:  Normal. 

1 

5 

0.4 

a064 

16.42 

6,463 

1 

1 

6 

0.4 

0.075 

20.06 

7,382 

1 

3 

7 

0.8 

0.058 

0.48 

600 

658 

Explosive,    Designolle    ^powdw,    ring,    4    foot; 

1 

1 

0.4 

0.104 

8L29 

9,904 

charge,  2  pounds;  submergence,  83  feet;  depth 

1 

2 

0.4 

0.086 

24.07 

8,330 

of  water,  75  feet;   case,  can  No.  1,  sawdust 

1 

3 

0.4 

0.087 

24.44 

8,416 

tamping;  ignition,  Laflin  Sc  Rand  dynamo,  1 

1 

4 

0.4 

0.003 

26l69 

8,925 

service  low  tension  fbse.    Effects:  Normal. 

1 

5 

0.4 

0.080 

21.96 

7,836 

1 

6 

0.4 

0.076 

20.46 

7,473 

* 

8 

7 

0.3 

0.039 

0.88 

475 

1 

1 

654 

• 

Explosive,    Designolle   powder;    ring,    4    foot; 

1 

1 

0.4 

0.152 

53.64 

14,216 

1 
Gas  check  out. 

charge,  3  pounds;  submergence,  33  feet;  depth 

1 

2 

0.4 

0.121 

88.52 

11,396 

of  water,  75  feet;  case,  can  No.  1,  full;  ignition, 

1 

3 

0.4 

0.110 

83.62 

10,412 

Laflin  St  Rand  d^'namo,  1  service  low  tension 

1 

4 

0.4 

0.118 

87.16 

11.126 

fuze.    Effects:  Buoy  rose  3|  feet. 

1 

5 

0.4 

0.112 

84.50 

10,500 

1 

6 

0.4 

0.090 

25.57 

8,674 

3 

7 

0.8 

0.083 

0.87 

910 

655 

Explosive,    Designolle  powder;    ring,   4   foot; 

1 

1 

0.4 

0.130 

42.56 

12,183 

charge,  3  pounds;  submergence,  33  feet;  depth 

1 

2 

0.4 

0.122 

89.00 

11, 401 

of  water,  75  feet;  case,  can  No.  1,  full;  ignition, 

1 

3 

04 

0.128 

41.70 

12,018 

Laflin  Sc  Rand  dynamo,  1  service  low  tension 

1 

4 

0.4 

0.184 

44.67 

12,578 

fuse.    Effects :  Normal. 

1 

5 

0.4 

0.091 

25.94 

8,768 

1 

6 

0.4 

0.105 

81.62 

9,992 

8 

7 

0.3 

0.079 

0.81 

866 
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DetaU*  of  ea^terimewtt  with  the  Bwgt — Gontinaed. 


i 

a 

Gauge. 

Leadc: 

blinder. 

Per  square  inch. 

¥ 

DetaOa  of  experiment. 

Bemarks. 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

1 

No. 

Inehe9. 

Inehst. 

Foot-lbt. 

Lbt. 

666 

Exploaire,    DeslipioUe  powder;    ring,  4   foot; 

1 

0.4 

0.115 

85.82 

10,867 

chArgo,8  poonds ;  submergence,  83  feet ;  depth 

2 

0.4 

0.127 

41.28 

11,935 

of  water.  75  feet ;  case,  can  No.  1,  ftill ;  ignition, 

8 

0.4 

0.U0 

33.62 

10,412 

Laflin  Sl  Rand  dynamo,  1  aeirioe  low  tension  ftise. 

4 

0.4 

0.120 

42.18 

12,100 

Effects:  Normal. 

5 

0.4 

0.097 

28.28 

9,276 

•  1 

6 

0.4 

a097 

28.28 

9,276 

8 

7 

0.3 

0.109 

1.25 

1,162 

657 

Exploaive,    Designolle  powder;    ring,    4  foot; 

1 

0.4 

0.165 

60.48 

15,890 

charge,  4  pounds ;  snbmergence,  83  feet ;  depth 

2 

0.4 

0.138 

46.50 

12,989 

of  water,  75  feet ;  ease,  can  No.  8,  sawdust  tamp- 

8 

0.4 

0.110 

83.62 

10,412 

ing;  ignition,  Laflin  &  Band  dynamo,  1  service 

* 

4 

0.4 

0.114 

35.38 

10,768 

k>w  tension  fuse.    Effects :  Buoy  rose  4^  feet; 

1 

5 

0.4 

0.105 

81.62 

9.992 

large  boil. 

6 

0.4 

0.117 

36.71 

11,080 

m 

3 

7 

0.3 

0.087 

0.93 

054 

658 

Ezplosiye,    Designolle    powder,    ring,  4   foot; 

1 

0.4 

0.165 

60.48 

15,890 

charge,  4  pounds;  submergence,  83  fiwt ;  depth 

2 

0.4 

0.U7 

86.71 

11,086 

of  water,  75  feet ;  case,  can  Na  2,  sawdust  tamp- 

3 

0.4 

0.137 

46b  13 

12,851 

ing;  ignition,  Laflin  ft  Band  dynamo,  1  service 

4 

0.4 

0.123 

39.47 

11.684 

low  tension  fuse.    Effects:  Normal. 

5 

0.4 

0.107 

88.42 

10,160 

6 

0.4 

0.097 

28.28 

9.276 

3 

7 

0.8 

0.102 

1.14 

1,091 

659 

EzploslTe,   Designolle    powder;    ring,  4   foot; 

1 

0.4 

0.167 

6L50 

15,609 

charge,  4  pounds ;  submergence,  83  feet ;  depth 

2 

0.4 

0.120 

42.13 

12,100 

of  water,  75  feet ;  case,  can  No.  2,  sawdust  tamp- 

1 

3 

0.4 

0.121 

8&52 

11,898 

ing;  ignition,  Laflin  ft  Band  dynamo,  1  service 

4 

0.4 

0.134 

44.67 

12,678 

low  tension  fuse.    Effects:  Normal. 

6 

0.4 

0.104 

8L29 

9,904 

6 

0.4 

0.108 

80.85 

9,816 

7 

0.3 

0.132 

L64 

1,387 

660 

Explosive,    Designolle   powder;    ring,   4   foot; 

1 

0.4 

0.225 

97.75 

21,210 

charge,  5  pounds ;  submergence,  83  feet ;  depth 

2 

0.4 

0.171 

63.64 

16.928 

of  water,  75  feet ;  case,  can  Na  2,  sawdust  tamp- 

3 

0.4 

0.152 

58.64 

14.216 

ing  :  ignition,  Laflin  ft  Band  dynamo,  1  service 

4 

0.4 

0.172 

64.18 

16,018 

low  tension  ftase.    Effects:  Buoy  rose  5  feet; 

5 

0.4 

0.140 

61.34 

13,949 

boil  hardly  became  a  dome. 

6 

0.4 

0.147 

60.73 

13,768 

3 

7 

0.3 

0.150 

2.18 

1,679 

661 

Explosive,    Designolle  powder;    ring,    4  foot; 

1 

1 

0.4 

0.164 

60.82 

15,808 

charge,  5  pounds ;  submergence,  33  feet ;  depth 

1 

2 

0.4 

0.100 

57.90 

14,957 

of  water,  75  feet ;  case,  can  No.  3,  sawdust  tamp- 

1 

8 

0.4 

0.150 

57.35 

14,862 

ing;  ignition,  Laflin  ft  Band  dynamo,  1  service 

1 

4 

0.4 

0.106 

60.96 

16,479 

low  tension  ftize.    Effects :  Normal. 

1 

5 

0.4 

0.137 

46.18 

12,851 

1 

6 

0.4 

0.145 

50.12 

18,587 

8 

7 

0.3 

0.168 

2.36 

1,772 

662 

Explosive,    Designolle    powder;    ring,    4  foot; 

1 

1 

0.4 

0  175 

66.80 

16,290 

chsrge,  6  pounds;  submergence,  83  feet ;  depth 

1 

2 

0.4 

0.162 

58.01 

15,180 

of  water,  75  feet ;  case,  can  No.  2,  sawdust  tamp- 

1 

3 

0.4 

0.140 

51.84 

18,949 

ing  ;  ignition,  Laflin  ft  Band  dynamo,  1  service 

1 

4 

0.4 

0.167 

61.50 

16^669 

, 

low  tension  ftize.    Effects:  Buoy  rose  6  feet  in 

1 

5 

0.4 

0.142 

4&66 

13,808 

a  8-foot  dome. 

1 

6 

0.4 

a  140 

47.62 

18.118 

8 

7 

0.3 

0.161 

2.22 

1,699 

•  •  V         * 
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664 


66 


666 


667 


668 


669 


DetftUs  of  experiment. 


Explosive,  piorio  powder;  ring,  4 foot;  charge, 5 
pounds ;  submergence,  38  feet ;  depth  of  water, 
75  feet ;  case,  can  No.  2,  sawdust  tamping ;  igni- 
tion, Laflln  &,  Rand  dynamo,  1  service  low  ten- 
sion fuze.  Effects :  Buoy  rose  2i  feet  in  a  2i-foot 
dome. 


Bxplosiye, picric  powder;  ring,  4 foot;  charge, 5 
pounds ;  submergence,  88  feet ;  depth  of  water, 
75  feet ;  case,  can  No.  2,  sawdust  tamping ;  igni- 
tion, Laflin  &,  Rand  dynamo,  1  service  low  ten- 
sion fuze.  Effects:  Buoy  rose  4i  feet;  a  2  foot 
boil  after  it  had  sunk. 


Explosive, picric  powder;  ring,  4  foot;  charge, 5 
pounds ;  submergence,  38  feet ;  depth  of  water, 
75  feet ;  case,  can  No.  2.  sawdast  tamping ;  igni- 
tion, Laflin  Sc  Rand  dynamo,  1  service  low  ten- 
sion fuze.  Eflects :  Buoy  rose  24  feet ;  dome  21 
feet  high  rose  on  one  side  of  it. 

Last  shot  fired  in  1879. 


Explosive,  explosive  gelatine;  ring,  4  foot ;  charge, 
1  pound ;  submergence,  83  feet ;  depth  of  water, 
85  feet ;  case,  fuze  can,  sawdnst  tamping ;  igni- 
tion, Laflin  Sl  Rand  machine,  1  service  low  ten- 
sion fuze.  Effects :  Buoy  rose  1.5  feet ;  small 
upward  boiling. 


Explosive,  explosive  gelatine;  ring,  4  foot;  charge, 
1  pound ;  submergence,  33  feet;  depth  of  water, 
85  feet;  case,  fuze  can  tamped  with  sawdast; 
ignition,  Laflin  Sc  Rand  machine,  1  service  low 
tension  fnze.  Effects:  Three  distinct  sounds 
and  larger  boil  than  with  last  shot ;  baoy  rose 
2.2  feet. 


Explosive,  explosive  gelatine;  ring,  4  foot;  charge, 
1  pound ;  submergence,  33  feet;  depth  of  water, 
85 feet;  case,  fuze  can,  tamped  with  sawdust; 
ignition,  Laflin  Sl  Rand  machine,  1  service  low 
tension  f^ze.  Effects:  Buoy  rose  1.5  feet; 
medium  boiling. 


Explosive,  explosive  gelatine;  ring,  4  foot;  charge, 
2  pounds;  submergence,  83  feet ;  depth  of  water, 
85  feet ;  case,  can  No.  1,  sawdnst  tamping ;  igni- 
tion, Laflin  &  Rand  machine,  1  low  tension  fuze. 
Effects:  Buoy  rose  2  feet;  large  boil  appeannl 
in  6  seconds  ;  three  sounds. 


Change. 

Lead  cylinder. 

Per  square  inch. 

Remarka. 

Kind. 
No. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 
FaoUbt. 

Pressure. 

Incku, 

Indiu. 

Xte. 

1 

1 

0.4 

0.212 

88.42 

19,882 

2 

0.4 

0.166 

60.96 

15, 470 

3 

0.4 

0.190 

79.81 

18,524 

A 

4 

0.4 

0.178 

67.52 

16^570 

5 

0.4 

0.152 

53.64 

14,216 

6 

0.4 

0.136 

45.66 

12,764 

1 

3 

7 

0.3 

0.251 

4.42 

2,688 

1 

..4 

0.213 

89.18 

19,988 

2 

0.4 

0.176 

65.80 

16^290 

1 

3 

0.4 

0.177 

66.95 

16,477 

4 

0.4 

0.185 

7L58 

17,220 

5 

0.4 

0.176 

66.87 

16,383 

6 

0.4 

0.168 

62.03 

15,666. 

3 

7 

0.3 

0.201 

3.07 

2,118 

1 

1 

0.4 

0.179 

68.10 

16,664 

1 

2 

0.4 

0.176 

6&87 

16,883 

1 

8 

0.4 

0.173 

64.72 

16,100 

4 

0.4 

0.177 

66.95 

16,477 

1         * 

5 

0.4 

0.167 

61.50 

15,569 

6 

0.4 

0.162 

58.91 

15,180 

3 

7 

0.8 

0.220 

3.54 

2,320 

1 

0.4 

0.007 

2&28 

9.276 

2 

0.4 

0.184 

Hammered 

3 

0.4 

0.086 

24.07 

8.330 

1 

4 

0.4 

0.006 

27.86 

9,184 

5 

0.4 

0.086 

24.07 

8,330 

1 

6 

0.4 

0.082 

22.65 

7,999 

3 

7 

0.3 

0.055 

0.50 

630 

1 

0.4 

0.098 

26L60 

8,925 

2 

0.4 

0.210 

Hammered. 

3 

0.4 

0.080 

2L96 

7,836 

4 

0.4 

0.108 

82.82 

10.244 

5 

0.4 

0.088 

24.82 

8,502 

6 

0.4 

0.069 

18.08 

6,884 

3 

7 

0.8 

0.075 

0.75              825 

1 

1 

1 

0.4 

0.113 

34.94 

10,670 

1 

2 

0.4 

0.168 

Disfigured. 

1 

3 

0.4 

0.090 

25. 57          8, 974 

1                 4 

1 

0.4 

0.099 

29. 13          0, 460 

1 

5 

0.4 

0.081 

22.31 

7,918 

1 

1 

6 

0.4 

0.083 

23.00 

8,080 

3 

7 

0.3 

0.070 

0.70 

788 

1 

1 

0.4 

0.151 

68.14 

14,128    - 

1         1 

1 

2 

0.4 

0.128 

39.47 

11,584 

1 

3 

0.4 

0.106 

3L62    1      9,992 

1 

4 

0.4 

0.129 

42.13    ,    12,100 

1 

5 

1 

0.4 

0.098 

26u«9 

8,925 

1 

6        ' 

0.4 

0.100 

29.55 

9,552 

3 

7 

0.3 

0.127 

1.55 

1,336 
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Details  of  experiments  with  the  Rings — Continued. 


■ 

a 

9 

V^         A          •«                      •        _             _         __* A. 

Grange. 

Lead  cylinder. 

Per  square  inch. 

Bemarks. 

4  S                          uewu  ox  expenmeni;. 

Kind. 

No. 

Number. 

Diameter. 

• 

Shorten- 
ing. 

Energy. 
Foot4bg. 

Pressure. 

Jfvekes. 

Inches. 

Lbt. 

070     Explosive,  explosiy e  gelatdne ;  ring,  4  foot :  charge, 

*■ 

1 

0.4 

0.102 

30.42 

9,728 

1      2  pounds,  submergence,  33  feet ;  depth  of  water, 

2 

0.4 

0.146 

50.42 

13,678 

i      85  feet;  case,  can  No.  1,  sawdost  tamping ;  igni- 

3 

0.4 

0.092 

26.32 

8,841 

1 

1 

tion,  I>adin  A.  Band  machine,  1  low  tension  fUze. 

4 

0.4 

0.109 

33.22 

10,328    i 

Effects:  Buoy  rose  2.5  feet;  small  boil  appeared 

5 

0.4 

0.081 

22.31 

7,918    ; 

1 

in  6.5  seconds. 

6 

0.4 

0.089 

25.19 

8.588 

1 

1 

1 

3 

7 

0.3 

a  134 

L67 

1,408 

671 

• 

Explosive,  explosive  gelatine ;  ling,  4  foot ;  charge. 

1 

1 

0.4 

0.118 

37.16 

11,126 

1 

2  pounds ;  submergence,  33  feet ;  depth  of  m  ater, 

1 

2 

0.4 

a  104 

31.29 

9,904 

1 

85  feet;  case,  can  No.  1,  sawdast  tamping;  igni- 

I 

3 

0.4 

0.065 

16.73 

6,537 

1 

1 

tion.  Lailin  &.  Band  machine,  1  low  tension  fuse. 

1 

4 

0.4 

0.085 

23.69 

8,244 

1 

Effects:  Baoyrose2feet;  small bollln 5 seconds. 

1 

5 

0.4 

0.070 

18.42 

6,971 

1 

6 

0.4 

a  078 

2L21 

7,654 

1 

3 

7 

0.3 

0.129 

1.58 

1,357 

<I72    Explosive,  explosive  gelatine ;  ring,  4  foot ;  charge, 

1 

1 

0.4 

0.141 

4a  04 

13,208 

3  ponnds ;  submergence,  33  feet ;  depth  of  water. 

1 

2 

0.4 

0.129 

42.13 

12,100 

'           1      85  feet;  case,  can  No.  1,  sawdust  tamping;  igni- 

1 

3 

0.4 

0.064 

16.42 

6^453 

1 

tion,  Laflin  &  Band  machine,  1  low  tension  ftixe. 

1 

4 

0.4 

0.080 

2L96 

7,836 

' 

>                Effects:  Booy  rose  2  feet;  ver^-  small  boil  ap- 

1 

5 

a4 

0.068 

17.74 

6,797 

1 

peared  in  7  seconds. 

1 

6 

0.4 

0.060 

15.15 

6^U9 

3 

7 

0.3 

0.061 

0.59 

701 

073     Explosive,  explosive  gelatine ;  nng,  4  foot ;  charge, 

1 

1 

0.4 

0.150 

57.35 

14,862 

3  pounds ;  submergence,  33  feet ;  depth  of  water. 

1 

2 

0.4 

0.144 

49.60 

13,492 

85  feet;  case,  can  No.  1,  sawdust  tamping;  igni- 

1 

3 

0.4 

0.130 

42.56 

12.183 

tion,  Lafll^^  Band  machine,  1  low  tension  fuze. 

1 

4 

0.4 

0.153 

64.15 

14,304 

1      Effects:  Buoy  rose  2.5  feet;  small. dome  ap- 

1 

5 

0.4 

0.140 

47.52 

13, 113 

'      peared  in  4  seconds. 

1 

6 

0.4 

0.137 

46.13 

12,851 

1 

1           1 

r 

3 

7 

0.3 

0.282 

3.87 

2,462 

1 

^^     Explosive,  explosive  gelatine ;  ring,  4  foot;  charge. 

1 

1 

a4 

0.158 

56.80 

1 
14,766    1 

!      3  pounds ;  submergence,  38  feet ;  depth  of  water, 

1 

2 

0.4 

0.184 

44.67 

12,678 

85  feet ;  case,  can  No.  1,  sawdust  tamping ;  igni- 

1 

8 

0.4 

0.123 

39.47 

11,584    1 

tion,  Laflin  &  Band  machine,  1  low  tension  faze. 

1 

4 

0.4 

0.116 

35.82 

10,857    j 

Effects:  Buoy  rose  2.2  feet;  dome  2  feet  high 

1 

5 

0.4 

0.119 

37.60 

11,215 

appeared  in  3.6  seconds. 

1 

6 

0.4 

0.119 

37.60 

11,215 

3 

7 

0.3 

0.215 

3.41 

2,264 

^^     Explosive,  explosive  gelatine;  ring,  4  foot ;  charge, 

1 

1 

0.4 

0.269 

132.0 

25,907 

Broke  dutch. 

4  pounds ;  submergence,  33  feet ;  depth  of  water, 

1 

2 

0.4 

0.229 

100.7 

21,626 

1 

85  feet;  case,  can  No.  2,  tamped  with  sawdust; 

I 

J          3 

0.4 

0.217 

92.0 

20,366 

' 

ignition,  Laflin  8c  Band  machine,  1  low  tension 

1 

4 

0.4 

0.222 

95.6 

20,898 

1 

1     faze.    Effects :  Buoy  rose  3.7  feet ;  a  dome  3  feet 

1 

5 

0.4 

0.208 

85.7 

19,430 

high  appeared  in  2  seconds. 

1 

6 

0.4 

0.189 

73.7 

17, 576 

1             A  duplicat  e  of  this  shot  foiled  to  explode ;  the  fUze 

3 

7 

0.3 

0.270 

&0 

2,934 

1      burst  open  the  can ;  charge  recovered. 

1 

1 
^^  1  Explosive,  explosive  gelatine ;  ring,  4  foot ;  charge. 

1 

0.4 

0.229 

100.7 

21,626 

1                4  pounds ;  submergence,  33  feet ;  depth  of  water. 

2 

0.4 

0.163 

50.4 

16,217 

1                85  feet;  case,  can  No.  2,  tamped  with  sawdust; 

1 

3 

0.4 

0.177 

67.0 

16^477 

1 

1 

ignition,  Laflin  St  Band  machine,  1  low  tension 

4 

0.4 

0.172 

64.2 

16^018 

1 

fuze.    Effects :  Buoy  rose  4  feet ;  dome  of  water 

5 

1        0.4 

0.161 

68.4 

16,044 

1                 3  feet  high. 

6 

0.4 

1 

0.154 

64.7 

14,392 

1 

3 

7 

0.3 

0.258 

4.7 

2,791 
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677 


078 


679 


680 


681 


DetallB  of  exporlment. 


Explosire,  exploeive  gelatine ;  ring,  4  foot;  cbarge^ 

5  pounds ;  snlmiergence,  88  feet;  depth  of  water, 

85  feet;  case,  oan  Ko.  2,  tamped  with  Mwdnat; 
ignition,  Laflin  &  Band  machine,  1  low  tension 
Axxe.  Effects:  Baoy  rose  4.6  feet  and  disap- 
peared in  dome  3  to  4  feet  high ;  the  shaohle  of 
lowering  rope  parted,  bat  gnard  rope  and  sns- 

.  pension  rope  held. 

Explosiye,  exploelTe  gelatine ;  ring,  4  foot ;  charge, 
3  pounds ;  snbmergence,  83  feet ;  depth  of  water, 

86  feet ;  case,  can  No.  1,  tamped  with  sawdust; 
ignition,  Laflin  &  Band  machine,  2  low  tension 
ftues.  Effects:  Buoy  rose  2  feet;  small  boil  ap- 
peared after  several  seconds.  A  charge  of  4 
ponnds  in  a  No.  2  can,  with  1  low  tension  ftixe, 
then  failed,  the  fhze  bursting  open  the  oan ;  the 
charge  was  recovered. 

Explosive,  exploeive  gelatine ;  ring,  4  foot ;  charge, 

6  pounds ;  submergence,  83  feet ;  depth  of  water, 
86  feet;  case,  can  Ko.  2,  sawdust  tamping;  igni- 
tion, Laflin  &  Band  machine,  1  low  tension  ftize. 
Effects:  Buoy  rose  4  feet  in  large  dome. 


Explosive,  explosive  gelatine ;  ring,  4  foot ;  charge, 
6  ponnds ;  submergence,  33  feet ;  depth  of  water, 
86  feet;  case,  can  No.  2,  sawdust  tamping;  igni- 
tion, Laflin  Sc  Band  machine,  1  low  tension  fuse. 
Effects :  Buoy  rose  4  feet  in  a  8-foot  dome. 


Gauge. 


Explosive,  explosive  gelatine ;  ring,  4  foot;  charge,  ' 
6  pounds ;  submergence,  33  feet;  depth  of  water, 
85  feet;  esse,  can  No.  1,  full;  ignition,  Laflin  & 
Band  machine,  1  low  tension  fuze.  Effects: 
Buoy  rose  4.5  feet;  dome  appeared,  but  smaller 
than  before. 


Explosive,  explosive  gelatine ;  ring,  4  foot ;  charge, 
2  pounds ;  submergence,  83  feet ;  depth  of  water, 
90  feet;  case,  can  No.  1,  sawdust  Uunping;  igni- 
tion, Laflin  Sc  Band  machine,  with  1  low  tension 
ftize  and  8  ounces  dry  gun-cotton.  Effects:  Buoy 
rose  3.5  feet ;  large  boil  appeared  in  few  seconds. 


Explosive,  exploeive  gelatine;  ring,  4  foot;  charge, 
8  pounds ;  submergence,  33  feet ;  depth  of  water, 
90  feet ;  case,  can  No.  1,  sawdust  tamping ;  igni- 
tion, Laflin  Sc  Band  machine  and  1  low  tension 
fuse,  with  8  ounces  dry  gun-cotton.  Effects: 
Buoy  rose  4.5  feet  with  small  dome. 


Kind. 


No. 


3 


1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
3 

1 
1 
1 
1 
1 
1 
8 


Number. 


1 
2 
8 
4 
5 
6 
7 

1 
2 
3 
4 

5 
6 

7 


1 
2 
3 
4 
6 
6 
7 

1 
2 
8 
4 

5 
6 

7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 


Lead  cylinder. 


Diameter. 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.8 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 

0.4 
0.4 
0.4 

a4 

0.4 

a4 

0.8 


Shorten- 
ing. 


Inehet, 

0.181 

0.202 
0.161 
0.177 
0.163 
0.140 
0.187 


0.171 
0.180 
0.074 
0.060 
0.063 
0.048 
0.082 


0.117 
0.164 
0.118 
0.140 

aoeo 
ai2& 

0.220 

0.060 
0.090 
0.072 
0.078 
0  034 
0.089 
0.190 

0.131 
0.109 
0.121 
0.118 
0.086 
0.102 
0:142 

A 164 
a  171 
0.196 
0.189 
0.176 
0.190 
0.145 

0.206 
0.228 
0.241 


Per  square  inch. 


68L2 
81.8 
53.1 
67.0 
60.4 
47.5 
2.8 


63.6 
73.7 
19.8 
14.8 
12.9 
U.4 
0.3 


36.7 
50.9 
37.2 
47.5 
2&2 
40.4 
3.5 

18.1 

25.6 

19.1 

21.2 

7.4 

&8 

2.8 

43.1 
32.2 
3a5 
34.9 
24.1 
30.4 
1.8 

59.9 
63.6 
77.9 
78.7 
6&4 
74.3 
1.9 

8&7 

90.9 

100.6 


0.288 

103.6      , 

0.194 

76L6      . 

0.219 

93.5 

0.2M 

4.2 

Lbt. 
16^850 

18,833 

14,128 

16^477 

16,217 

13, 113 

1,977 


16^928 

17.676 

7,300 

6^028 

5,486 


8,803 
4.264 
2,008 

12,282 

10,328 

11,308 

10,670 

8,330 

9,728 

1,484 

15,306 
15,028 
18,221 
17,676 
16,883 
17,666 
1,517 

19^480 
21,522 
22,788 
22,046 
18,029 
90,682 
2,617 


5,038 

880 

11,036 

15,308 

11,126 

13,113 

8,668 

11,770 

2,320 

6^884 

8,674    : 

7,135 

7.654    , 

Beoiarks. 
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Details  of  experiment. 


e84 


685 


686 


687 


688 


688 


600 


Exploeive,  exptoeire  gelatine;  ring,  4  foot; 
chargOf  2  jionnds ;  vabmergenoe,  83  feet ;  depth 
of  water,  00  feet ;  caae,  can  No.  1,  iawdnst 
tamping:  ignition,  Laflin  Sc  Rand  machine  and 
1  low  tension  ftisc,  with  3  oances  of  loose  dyna- 
mite in  a  rubber  bag.  Effecte:  Buoy  rose  2 
feet ;  small  boil  appeared. 

Sxplosive,  explosive  gelatine;  ring,  4  foot; 
charge,  3  pounds ;  submergence,  33  feet ;  depth 
of  water,  00  feet;  case,  can  No.  1,  sawdust 
tamping ;  ignition,  Laflin  6c  Sand  machine  and 
1  low  tension  fuse,  with  3  ounces  of  loose  dyna- 
mite in  rubber  bag.  Effects:  Buoy  rose  4.5 
feet  and  subsided  in  a  2-foot  dome  of  water. 

Explosive,  explosive  gelatine;  ring,  4  foot; 
charge,  4  pounds ;  submergence,  83  feet ;  depth 
of  water,  00  feet;  case,  can  No.  1,  sawdust 
tamping ;  ignition,  Laflin  &  Band  machine  and 
1  low  tension  fuse,  with  3  ounces  of  loose  dyna- 
mite in  rubber  bag.  Effects:  Buoy  rose  4.5 
feet :  dome  8  feet  high. 

Explosive,  explosive  gelatine;  ring,  4  foot; 
charge,  4  pounds;  submergence,  38  feet;  depth 
of  water,  00  feet;  case,  can  No.  1,  sawdust 
tamping ;  ignition,  Lallin  &.  Rand  machine  and 
1  low  tension  fuze,  with  3  ounces  of  dry  gun- 
cotton.  Effects :  Buoy  rose  4  feet ;  dome  8  feet 
high. 

Explosive,  explosive  gelatine;  ring,  4  foot; 
charge,  5  pounds ;  submergence,  33  feet ;  depth 
of  water,  00  feet ;  case,  can  No.  1,  full ;  ignition, 
Laflin  &  Rand  machine  and  1  low  tension  fuze, 
with  3  ounces  of  dry  gun-cotton.  Effects: 
Buoy  rose  and  fell  over  in  a  5-foot  dome ;  heavy 
shock,  breaking  bolt  of  shackle. 

Explosive,  explosive  gelatine;  ring,  4  foot; 
charge,  5  pounds ;  submergence,  33  feet ;  depth 
of  water,  00  feet;  case,  can  No.  1,  full;  ignition, 
Laflin  Sc  Rand  machine  and  1  low  tension  fuze, 
with  3  ounces  of  loose  dynamite  in  rubber  bag. 
Effects:  Buoy  rose  4.5  feet  and  was  buried  in  a 
5-foot  dome ;  heavy  shock,  breaking  wire  sus- 
pension rope  and  strap. 

Explosive,  explosive  gelatine;  ring,  4  foot; 
charge,  8  pounds ;  submergence,  33  feet ;  depth 
of  water,  80  feet ;  case,  can  No.  1  and  sawdust 
tamping ;  ignition,  Laflin  &  Rand  machine  and 
1  low  tension  ftise,  with  8  ounces  of  dry  gun- 
cotton  in  middle.  Effects:  After  loading,  this 
charge  was  packed  in  ice  for  70  hours  and  when 
fired  was  firozen  hard;  buoy  rose  4  feet;  large 
boO  followed  by  small  dome. 


Gauge. 

Lead  cylinder. 

Per  square  inch. 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 

Pressure. 

yo. 

Inehe*. 

Inches, 

Footlb9. 

IM, 

f 

1 

0.4 

0.120 

38.1 

11,305 

2 

0.4 

0.167 

61.5 

15,560 

3 

0.4 

0.110 

33.6 

10,412 

J 

4 

0.4 

0.008 

28.7 

0,368 

5 

0.4 

0.075 

20.1 

7,382 

1 

6 

0.4 

0.000 

25.6 

8.674 

3 

7 

0.3 

0.101 

LI            1,081 

1 

1 

0.4 

0.140 

5L3 

18.040 

1         1 

2 

0.4 

0.166 

6L0 

15,470 

'         1 

3 

0.4 

0.161 

63.1 

14,128 

1         1 

4 

0.4 

0.102 

75.5 

17,847 

5 

0.4 

0.132 

43.6 

12,381 

6 

0.4 

0.143 

40.1 

13,307 

8 

7 

0.3 

0.165 

2.3 

1,736 

1 

1 

0.4 

0.233 

103.6 

22,045 

1 

2 

0.4 

0.210 

03.5 

20,582 

1 

3 

0.4 

0.272 

134.4 

26,226 

1 

•       4 

0.4 

0.260 

132.0 

25,007 

1 

5 

0.4 

0.244 

in.o 

23,116 

1 

6 

0.4 

0.252 

118.1 

24,056 

1         3 

7 

0.3 

0.207 

8.2 

2,178 

1 

X 

0.4 

0.244 

111.0 

23.116 

1 

2 

0.4 

0.231 

102.1 

^1,833 

1 

3 

0.4 

0.286 

146.4 

27,758 

1 

4 

0.4 

0.254 

110.7 

24,272 

1 

5 

0.4 

0.213 

88.1 

10,038 

1 

6 

0.4 

0.250 

116.6 

23,840 

3 

7 

0.3 

0.186 

2.8 

1,867 

1 

1 

0.4 

0.284 

14&0 

28,082 

1 

2 

0.4 

0.230 

110.4 

21,730 

1 

8 

0.4 

0.206 

155.0 

28,842 

1 

4 

0.4 

0.250 

116.5 

23,840 

1 

5 

0.4 

0.234 

104.4 

22,150 

1 

6 

0.4 

0.247 

114.2 

23,531 

3 

7 

0.3 

0.274 

5.2 

2,080 

1 

1 

0.4 

0.276 

137.8 

26,664 

1 

2 

0.4 

0.275 

136.0 

26,550 

1 

3 

0.4 

0.306 

165.0 

30.058 

1 

4 

0.4 

0.262 

126.8          25,156 

1 

5 

0.4 

0.251 

117.3      1    23,048 

1 

6 

0.4 

0.235 

105. 1          22, 255 

3 

7 

0.3 

0.243 

4.2            2,604 

1 

1 

0.4 

0.204 

* 
83.2 

10,041 

1 

2 

0.4 

0.170 

68.1 

16,664 

1 

3 

0.4 

0.170 

68.1      1    16,664 

1 

4 

0.4 

0.215 

00. 6          20, 150 

1 

5 

0.4 

0.182 

60. 8          16, 042 

1 

6. 

0.4 

0.100 

70. 8          18, 524 

3 

1 

7 

0.3 

0.147 

1 

LO      . 

1 

1 

1,541    ' 

Remarks. 
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601 


692 


603 


604 


605 


606 


607 


Exploftlre,  explosive  geUtiae;  ring,  4  foot; 
cbarice,  8  pounds ;  submergenoe,  33  feet ;  depth 
of  water,  80  feet;  case,  can  No.  1,  sawdust 
tamping ;  ignition,  Laflin  ic  Rand  machine  and 
1  low  tension  fuse,  with  3  ounces  of  loose  dyna- 
mite in  rubber  bag  in  middle.  Effects:  Same 
as  last  shot  as  to  ftreezing  and  effects  of  explo- 
sion. 

Explosive,  explosive  gelatine;  ring,  4  foot; 
charge,  3  pounds ;  submergence,  33  feet ;  depth 
of  water,  80  feet;  case,  can  No.  1,  sawdust 
tamping;  ignition,  Laflin  &.  Rand  machine  and 
1  low  tension  Aizo,  with  3  ounces  of  loose  dyna- 
mite. Effects:  Buoy  rose  4  feet;  small  dome. 
Some  of  the  charges  ot  this  3-pound  series  were 
in  the  white  opaque  state,  and  others  a  yellow 
Jelly ;  no  difference  in  registered  prMsnrea. 

Explosive,  explosive  gelatine;  ring,  4  foot; 
charge,  8  pounds ;  submergence,  33  feet ;  depth 
of  water,  80  feet;  case,  can  Ko.  1,  sawdust 
tamping ;  ignition,  Laflin  &  Rand  machine  and 
1  low  tension  fUse,  with  8  ounces  of  loose  dyna- 
mite in  rubber  bag.  Effects:  Buoy  rose  4 
feet ;  dome  2  feet  high. 


Explosive,  explosive  gelatine;  ring,  4  foot; 
charge,  3  pounds ;  submergenoe,  33  feet ;  deptii 
of  water,  80  feet;  case,  can  No.  1,  sawdust 
tamping ;  ignition,  Laflin  &  Rand  machine  and 

1  low  tension  ftixe,  with  3  ounces  of  loose  dyna- 
mite in  rubber  bag.  Effects:  Broke  shackle 
bolt  releasing  buoy;  guard  roi>e  held;  dome 

2  feet  high. 

Explosive,  explosive  gelatine;  ring,  4  foot; 
charge,  8  pounds;  submergence,  38  feet;  depth 
of  water,  80  feet;  case,  can  No.  1,  sawdust 
tamping ;  ignition,  Laflin  6l  Rand  machine  and 
1  low  tension  fuse,  with  3  ounces  of  dry  gun- 
cotton.    Effects:  Buoy  rose  3  feet;  small  dome. 


Explosive,  explosive  gelatine;  ring,  4  foot; 
charge,  3  pounds;  submergence,  88  feet;  depth 
of  water,  80  feet;  case,  can  No.  1,  sawdust 
tamping ;  ignition,  Laflin  Sc  Rand  machine  and 
1  low  tension  fuze,  with  3  ounces  of  dry  gun- 
cotton.  Effects:  Buoy  rose  and  sunk  back 
under  a  2-foot  dome. 

Explosive,  explosive  gelatine;  ring,  4  foot; 
charge,  8  pounds;  submergence,  83  feet;  depth 
of  water,  80  feet;  case,  can  No.  1,  sawdust 
tamping;  ignition,  Laflin  St.  Rand  machine  and 
1  low  tension  faze,  with  3  ounces  of  dry  gun- 
cotton.  Effects:  Buoy  rose  3  feet ;  dome  2  feet 
high. 


(Huge. 

Leado; 

^llnder. 

Per  square  inch. 

• 

Kind. 

Number. 

Diameter. 

Shorten- 
ing. 

Energy. 
Foot4b§. 

Pressure. 

No. 

1 
Inehst, 

Inehei, 

Lbt, 

1 

0.4 

1 

0.216 

91.3 

20,258    ! 

2 

'        0.4 

0.246 

113.5 

23,428 

1 

3 

0.4 

0.177 

67.0 

16,477 

1 

4 

0.4 

0.256 

Rounded  lead. 

5 

0.4 

0.171 

68.6 

15,928 

t                 1 

6 

0.4 

0.230 

10L4 

21.730 

3 

7 

0.3 

. . .  •  • 





Failed. 

\ 

0.4 

0.229 

100.8 

21.626 

2 

0.4 

0.270 

Clutch  broken. 

1 

3 

0.4 

0.213 

80.1 

19,990 

1 

4 

0.4 

0.229 

100.8 

21,626 

5 

0.4 

0.200 

06.4 

19,525 

6 

0.4 

0.178 

64.7 

16,109 

3 

7 

0.3 

......    , 

Failed. 

1 

1 

1 

0.4 

0.165 

60.4 

1 
15,300    ' 

- 

2 

0.4 

0.140 

51.8 

13,949 

3 

0.4 

0.163 

50.4 

15.217 

1 

4 

0.4 

0.174 

6&3 

16,100 

^ 

5 

0.4 

0.163 

50.4 

15,217 

1 

6 

0.4 

0.149 

5L3 

18,949    > 

8 

7 

0.3 

0.160 

2.2 

1.000                                     , 

1 

1 

1 

0.4 

0.150 

57.4 

14,862 

( 

1 

2 

0.4 

0.100 

70.8 

18,524 

3 

0.4 

0.189 

73.7 

17,567    !                               1 

4 

0.4 

0.186 

77.0 

18.221  ; 

5 

0.4 

0.143 

40.1 

13,387 

6 

0.4 

0.149 

51.3 

13,949 

3 

7 

0.8 

0.184 

2.7 

1,M3    , 

1 

1 

0.4 

0.203 

82.6 

18,937 

1 

2 

0.4 

0.234 

104.4 

22,150 

1 

3 

0.4 

a227 

99.2 

21,418    i 

1 

4 

0.4 

0.216 

91.3 

20,258 

1 

5 

0.4 

0.180 

47.1 

13,026    . 

1 

6 

0.4 

0.183 

7&1 

17,938 

3 

7 

0.3 

0.200 

3.1 

2.102 

1 

1 

0.4 

0.190 

79.8 

18,524    . 

1 

2 

0.4 

0.166 

6L0 

15,479 

1        1 

3 

0.4 

0.220    : 

100.7 

21.626 

1 

i 

0.4 

0.240 

108.8 

22,780 

1 

6 

0.4 

0.160 

57.9 

14,057 

1 

« 

0.4 

0.100 

79.8 

18,524    ' 

3 

1 

7 

0.3 

0.183 

L7 

1,308    , 

1 

1 

0.4 

0.200 

80.5 

18.625 

1 

2 

0.4 

0.100 

79.8 

18,524 

1 

3 

0.4 

0.246 

113.5 

23,428 

1 

4 

0.4 

0.100    1 

79.8 

18,524 

1 

5 

0.4 

0.100 

74.3 

17,665 

1        1 

6 

0.4 

0.102 

75.5 

17,847                                1 

3    ; 

7 

0.3 

0.102 

2.9 

2.025    , 



^i>i>E]srr>ix  B. 

DETAILS   OF   EXPERIMENTS  WITH   THE   CRATE. 


SHOT  US— FIRED  ATTQUST  29,  1872. 


TOP  OF  CRATE. 

1 

BOTTOM  OF  CRATE. 

Gauge. 

Lead  02 
Diameter. 

irUnder. 

Per  square  inch. 

Gauge. 

Lead  cylinder. 

Per  f»quare  Inch. 

Kind. 

Nomber. 

Shortening. 

Energy. 

PreMure. 

Kind. 

Number. 

Diameter. 

Shortening. 

Energy. 

Proairare. 

yo. 

IncktM. 

Ineket. 

Foot-lbt. 

Pound*. 

No. 

Inekei. 

Inehet. 

Foot-On. 

PountU. 

8 

1 

0.4 

0.025 

0.29 

484 

3 

1 

0.4 

0.015 

0.17 

307 

8 

2 

0.4 

a  017 

0.19 

825 

3 

2 

0.4 

0.040 

0.53 

654 

3 

3 

0.4 

0.018 

0.19 

335 

8 

3 

0.4 

0.020 

0.21 

353 

3 

4 

0.4 

0.028 

0.26 

404 

8 

4 

0.4 

0.021 

a23 

370 

8 

5 

0.4 

0.086 

0.44 

578 

3 

5 

0.4 

0.088 

0.49 

624 

3 

6 

0.4 

0.050 

0.71 

795 

3 

6 

0.4 

0.041 

0.56 

669 

3 

7       * 

0.4 

0.038 

0.49 

624 

3 

7 

0.4 

0.034 

0.42 

562 

3 

8 

0.4 

a030 

0.35 

496 

8 

8 

0.4 

0.082 

0.39 

629 

3 

8 

a4 

0.046 

0.62 

727 

3 

9 

0.4 

0.042 

0.57 

688 

3 

10 

0.4 

0.042 

0.67 

683 

3 

10 

0.4 

0.041 

0.55 

669 

3 

11 

0.4 

0.038 

0.49 

624 

3 

11 

0.4 

0.040 

0.53 

654 

3 

12 

0.4 

0.043 

0.58 

698 

3 

12 

0.4 

0.041 

0.65 

669 

3 

13 

0.4 

0.006 

L03 

1,018 

8 

13 

0.4 

0.071 

1.12 

1.078 

3 

14 

0.4 

0.057 

0.84 

887 

3 

14 

0.4 

0.076 

1.20 

1.129 

3 

16 

0.4 

0.086 

1.45 

1.279 

3 

15 

0.4 

0.084 

1.41 

1,254 

3 

16 

0.4 

0.076 

L22 

1,142 

8 

16 

0.4 

0.067 

1.05 

1,030 

3 

17 

0.4 

0.137 

2.74 

1.957 

3 

17 

0.4 

0.167    . 

3.68 

2.873 

3 

18 

0.4 

0.112 

2.06 

1.618 

3 

18 

0.4 

0.177 

4.04 

2.366 

3 

Baoy  1 

0.4 

0.046 

0.64 

741 

8 

Buoy  2 

0.4 

0.038 

0.49 

624 

NOTES. 

Exploaiye.  dynamite  No.  1 ;  charge,  5  pounds ;  submergence,  42  feet ;  depth  of  water,  112  feet ;  case,  can  No.  2,  sawdust  tamping ;  ignition, 

Smith  battery,  2  Mowbray  ftizes.    Effects :  ringing  explosion  ;  buoys  did  not  move ;  water  did  not  begin  boiling  for  several  seconds ;  buoys 

each  read  114  feet,  the  crate  l>eing  level. 

SHOT  217— FIRED  SEPTEMBER  24,  1872. 


f 

1 

0.4 

0.023 

0.26 

404 

8 

1 

0.4 

0.020 

0.21 

853 

3 

2 

0.4 

0.042 

0.57 

683 

3 

2 

0.4 

0.017 

0.19 

325 

3 

3 

0.4 

0.025 

0.29 

488 

8 

3 

0.4 

0.021 

0.23 

370 

3 

4 

0.4 

0.017 

0.19 

325 

3 

4 

0.4 

0.016 

0.18 

816 

3 

6 

0.4 

0.046 

0.64 

741 

3 

5 

0.4 

0.034 

0.42 

562 

3 

6 

0.4 

0.087 

0.48 

608 

3 

• 

0.4 

0.034 

0.42 

562 

3 

7 

0.4 

0.028 

0.38 

473 

3 

7 

0.4 

0.036 

0.44 

578 

3 

8 

0.4 

0.025 

0.29 

438 

3 

8 

0.4 

0.025 

0.29 

438 

8 

9 

0.4 

0.072 

1.14 

1,091 

8 

9 

0.4 

0.084 

0.42 

562 

8 

10 

0.4 

0.044 

0.60 

713 

3 

10 

0.4 

0.045 

0.62 

727      1 

8 

11 

0.4 

0.085 

0.44 

678 

3 

11 

0.4 

0.053 

0.76 

834      ! 

3 

12 

a4 

0.036 

0.46 

583 

3 

12 

0.4 

0.039 

0.51 

639      ! 

!          3 

18 

0.4 

0.072 

1.14 

1,001 

3 

13 

0.4 

0.062 

0.94 

957 

3 

14 

0.4 

0.070 

LIO 

1,065 

3 

14 

0.4 

0.064 

0.99 

990 

3 

16 

0.4 

0.081 

1.83 

1.210 

3 

15 

0.4 

0.070 

1.10 

1,065 

3 

16 

0.4 

0.064 

0.99 

990 

3 

16 

0.4 

0.058 

0.85 

889 

3 

17 

0.4 

Otl76 

4.01 

2,521 

3 

17 

0.4 

0.150 

3.15 

2,147 

8 

18 

0.4 

0.164 

3.58 

2,330 

3 

18 

0.4 

0.155 

3.29 

2,210 

3 

Buoy  1 

0.4 

0.056 

0.82 

874 

3 

Buoy  2 

0.4 

0.067 

1.05 

1,030 

NOTES. 

Explosive,  dynamite  No.  1 ;  charge,  5  pounds;  submergence,  about  36  feet;  depth  of  water,  100  feet;  axis  inclined  25^;  case,  can  No.  S, 

sawdust  tamping ;  ignition,  Smith  battery,  2  Mowbray  and  1  Browne  No.  4  ftises.     Effects :  Shup  explosion,  throwing  spray  upward  from 

water  surface;  buoys  gave  three  distinct  sounds ;  a  1-foot  boil  rose  near  buoy  1 ;  buoy  1  read  13.8,  and  buoy  2, 10.0— latter  supporting  deeper 

eDd  of  «nte. 
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APPEimiX  B. 


Details  of  experiments  ieith  the  Crate — Gontmaed. 

SHOT  21&-FIKED  6BPTEHBBB  24,  1873. 


TOF  OF  CBATK. 

BOTTOl 

Leadc: 

f  OF  CBATE. 

Gauge. 

Lead  cylinder. 

Per  aqoare  inch. 

Gan 
Kind. 

ge- 

plinder. 

Per  square  incit 

Kind.      Number. 

Diameter. 

1 
Shortening. 

Energy. 

Preasure. 
Pounds. 

Number. 

Diameter.  Shortening. 

1 

Energy. 

Preuare. 

No. 

InekM. 

Inches.     , 

Foot-lbs. 

No. 

Inchss. 

Inches. 

FooUbs. 

Pomd$. 

3                 1 

0.4 

0.085      1 

0.44 

578 

3 

1     • 

0.4 

0.026 

0.30 

450 

3        !         2 

0.4 

0.045 

0.62 

727 

3 

2 

0.4 

0.034 

0.42 

562 

8                  8 

0.4               0.022 

0.24 

387 

3 

3 

0.4 

0.019 

a20 

344 

3                 4 

0.4                0.030 

0.35 

406 

3 

4 

0. 4                0. 035 

0.44 

578 

3                  5 

0. 4                0. 040 

0.53 

654 

3 

5 

0. 4        i        0. 050 

6.71 

795     . 

3                  6 

0.4                0.050 

0.71 

705 

3 

6 

0. 4        1        0. 036 

0.46 

503 

8                  7 

0.4                0.036 

0.46 

503 

8 

7 

0.4               0.025 

0.29 

438 

8                 8 

0.4               0.028 

0.33 

473 

8 

8 

0.4 

0.029 

0.34 

484 

3                  9, 

0. 4                0. 068 

1.06 

1,041 

3 

0 

0.4 

0.055 

0.80 

881 

3                10 

0.4 

0.048      1 

1 

0.67 

768 

3 

10 

0.4 

0.072 

1.14 

1,091 

3                11 

1 

0.4 

0. 075      1 

1.20 

1,129 

3 

11 

0.4               0.057 

0.84 

887 

3 

12        ' 

0. 4                0. 074      i 

1 

1.18 

1,116 

3 

12 

0. 4               a  061 

0.91 

941 

3 

13          ; 

0.4 

0.068 

1.06 

1,041 

3 

13 

0. 4                0. 065 

1.01 

1,006 

3                14        1 

0.4 

0.067 

1.05 

1,030 

3 

14 

0. 4                0. 065 

•   LOl 

1,006 

3 

15        1 

0.4 

0.078      1 

L27 

1,168 

3 

15 

0.4                0.057 

0.84 

887 

8 

i«     ! 

0.4 

0.066 

1.03 

1,018 

3 

16 

0.4        1        0.115 

1 

2.13 

1,655 

8                17        1 

0.4 

0. 181 

4.18 

2.594 

3 

17 

0. 4        1        0. 198 

4.79 

2,839 

3 

18 

0.4 

0.148 

3.00 

2.116 

3 

18 

0. 4                0. 154 

3.26 

2,197 

3 

Buoyl 

0.4 

0.045 

0.62      , 

727 

3 

Buoy  2 

0. 4                0. 037 

0.48 

606 

NOTES. 

Explosive,  dynamite  No.  1 ;  charge,  5  pounds ;  snbmei^ence,  about  36  feet;  depth  of  water,  87  feet;  axis  inclined  25°;  case,  can  No.  2,  saw- 
dust tamping;  ignition,  Sjnith  battery,  2  Browne  No.  4  fuses.  Effects :  Sharp  explosion ;  buoys  did  not  rise ;  dome  of  water  2  feet  high;  buoy 
1  read  14  feet,  buoy  2  read  10  feet— the  latter  supjiorting  the  deeper  end  of  crate. 


SHOT  226— FIRED  OCTOBER  22, 1872. 


3 

1 

0.4 

0.035 

0.44 

678 

3 

1 

0.4 

0.010 

0.10 

215 

8 

2 

0.4 

0.016 

0.18 

316                3 

2 

0.4 

0.015 

0.17 

307 

3 

1 

3 

0.4 

0.032 

0.39 

529      '          3 

3 

0.4 

0.016 

0.18 

316 

3 

4 

0.4 

0.025 

0.29 

438 

3 

4 

0.4 

0.028 

0.26 

404 

3 

6 

0.4 

0.040 

0.53 

654 

3 

5 

0.4 

0.046 

0.64 

741 

8 

1         6 

0.4 

0.045 

0.62 

727 

3 

6 

0.4 

0.032 

0.39 

529 

3 

7 

0.4 

0.030 

0.46 

593 

3 

7 

0.4 

0.033  . 

0.40 

545 

3 

8 

0.4 

0.020 

0.21 

353 

3 

8 

0.4 

0.025 

0.29 

438 

3 

9 

0.4 

0.057 

0.84 

887 

3 

9 

0.4 

0.040 

a53 

654 

3 

10 

0.4 

0.050 

0.71 

795               3 

10 

0.4 

0.043 

0.58 

608 

3 

11 

0.4 

0.034 

0.42 

1 

562                3 

11 

0.4 

0.030 

0.36 

496 

3 

1        12 

0.4 

0.045 

0.62 

727                3 

12 

0.4 

0.039 

0.51 

639 

3 

13 

0.4 

0.075 

1.20 

1,129                3 

13 

0.4 

0.062 

0.94 

957 

3 

14 

0.4 

0.056 

0.82 

874                3 

14 

0.4 

0.062 

0.94 

957 

3 

.        15 

0.4 

0.064 

0.90 

990                3 

15 

0.4 

0.098 

1.72 

1,435 

3 

16 

0.4 

0.091 

1.55 

1, 336                3 

16 

0.4 

0.066 

1.03 

1,018 

3 

17 

0.4 

0.166 

3.65 

2,367                3 

1        17 

0.4 

j        0.153 

3.23 

2,185 

3 

1        18 

0.4 

0.144 

2.95 

2,056               "3 

'        18 

0.4 

0.151 

3.18 

2.160 

3 

Buoyl 

0.4 

0.045 

• 

0.62 

727 
NO 

3 

Buoy  2 

i 

0.4 

0.042 

a  57 

683 

TES. 

Explosive,  dynamite  No.  1 ;  charge,  5  pounds ;  submergence,  29  feet ;  depth  of  water,  80  feet;  axis  of  crate  level;  case,  can  No.  2,  sawdust 
tamping;  ignition.  Smith  battery,  1  Browne  No.  4  fuxe.  Effects:  Three  loud  sounds  from  buoys,  which  did  not  move;  dome  of  water  6  to 8 
^eet  high ;  both  buoys  read  11 1  feet. 


DETAILS  OF  EXPERIMENTS. 
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Detnils  of  experiments  with  the  Crate — Coutiuued. 

SHOT  22*-rniED  OCTOBER  22, 1872. 


TOP  OF  CBATR. 


HOTTOM  or  CRATE. 


Oauge. 


Lead  cylinder.  Per  square  inch. 


Gauge. 


Lead  cylinder.  Per  aqoare  inch. 


Kind.      Knmber.   Diameter.   ShorU'ning.     Energy.       l^reasure.        Kind.       Number. 


No. 
3 

3 

3 

3 

3 

3 

3 

3 

8 

3 

a 

3 
3 
3 
3 
8 
3 
3 
3 


1 

2 

3 

4 

6 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Bnoy  1 


JneKu. 
0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

a4 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 


Inehe*. 
0.041 

0.040 

0.037 

0.040 

0.050 

0.080 

0.064 

0.058 

0.008 

0.085 

0.079 

0.084 

0.133 

0.130 

0.115 

0.148 

0.266 

0.278 

0.056 


Foot-tbt. 
•0.55 

0.53 

0.48 

0.58 

0.87 

1.31 

0.99 

0.85 

1.72 

1.43 

L29 

1.41 

2.63 

2.55 

2.13 

3.09 

7.77 

8.37 

0.82 


Poundt. 
668 

654 

608 

654 

912 

1.196 

990 

899 

1,435 

1,268 

1,182 

1,254 

1,903 

1,865 

1,655 

2,116 

3,921 

4,120 

874 


DIaroeticr.  iShortening.     Energy.      Preaaoie. 


Xo. 
3 

1 

Itiehei. 
0.4 

InehM. 
0.029 

3 

2 

0.4 

0.068 

3 

3 

0.4 

0.030 

3 

1          4 

0.4 

0.034 

3 

5 

0.4 

0.064 

3 

6 

0.4 

0.103 

3 

7 

0.4 

0.059 

3 

8 

0.4 

0.110 

3 

9 

0.4 

0.108 

3 

10 

0.4 

0.113 

3 

U 

0.4 

0.084 

3 

12 

0.4 

0.108 

3 

13 

0.4 

0.148 

3 

14 

0.4 

0.125 

3 

15 

0.4 

0.151 

3 

16 

0.4 

0.160 

3 

17 

0.4 

0.294 

3 

18 

0.4 

0.295 

3 

;   Buoy  2 

0.4 

0.058 

FwtrUbM. 
0.34 

1.06 

0.35 

0.42 

0.99 

1.84 

0.87 

2.24 

L96 

2.09 

1.41 

1.96 

3.09 

2.39 

3.18 

3.47 

9.19 

9.25 

0.85 


PoundM. 

484 

1,041 

496 

562 

990 

1,408 

912 

1,712 

1,565 

1,630 

1.254 

1,565 

2,116 

1.786 

2,160 

2,290 

4,385 

4,403 

899 


NOTES. 

Szploeiye,  dynamite  No.  1;  charge,  10  pounds;  sulmiergence,  42  feet;  depth  of  water,  85  feet ;  axis  of  crate  level;  caiie,can  No.  2,  full;  igni- 
tion, Smith  hattery,  and  1  Browne  No.  4  fuse.  Effects:  Loud  ring  from  buoys;  spray  thrown  fh>m  water  surface,  followed  by  a  dome  16  feet 
high  and  25  feet  base;  shock  severe.    Both  buoys  road  111  feet. 

SHOT  293— FIRED  NOVEMBER  14,  1872. 


3 
3 
3 
3 
3 
3 
3 
3 
8 
3 
3 
3 
3 
3 
8 
3 
3 
3 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
U.4 


0.013 
0.016 
0.005 
0.005 
0.037 
0.028 
0.010 
0.005 
0.065 
0.067 
0.025 
0.022 
0.238 
0.238 
0.125 
0.108 
0.188 
0.198 


0.14 

270 

3 

L 

0.4 

0.18 

316      1 

3 

• 

2 

0.4 

0.04 

117 

3 

3 

0.4 

0.04 

117 

3 

4        1 

0.4 

0.48 

608 

3 

5 

0.4 

0.33 

473      1 

3 

6 

0.4 

0.10 

215 

3 

7 

0.4 

0.04 

117 

3 

8 

0.4 

1.01 

1,006 

3 

9 

0.4 

L05 

1,030 

3 

10 

0.4 

0.99 

438 

3 

11 

0.4 

0.24 

387 

3 

12 

0.4 

6.50 

3,480 

3 

13 

0.4 

0.50 

3,480 

3 

14 

0.4 

2.39 

1,786 

3 

15 

0.4 

1.96 

1,565 

3 

16 

0.4 

4.43 

2.605 

3 

17 

0.4 

4.79 

2.839 

3 

18 

0.4 

0.022 
0.051 
0.038 
0.0C8 
0.053 
0.041 
0.055 
0.040 
0.056 
0.049 
0.048 
0.049 
0.073 
0.074 
0.088 
0.094 
0.153 
0.197 


0.24 

387 

0.73 

808 

0.40 

624 

1.06      , 

1,041 

0.76 

884 

0.55 

669 

0.80 

861 

0.53 

654 

0.82 

874 

0.69 

781 

0.67 

768 

0.69 

781 

1.16 

1,108 

1.18 

1,116 

1.48 

1,800 

1.62 

1,380 

3.23 

2,185 

4.75 

2.824 

NOTES. 

Explosive,  dynamite  No.  1;  charge,  5  pounds ;  submergence,  6  feet;  deptli  of  water,  16  feet;  crftte  hung  from  crane  on  wharf;  axis  level 
and  top  awash;  case,  can  No.  2,  sawdust  tamping;  ignition.  Smith  battorj  and  1  Browne  No.  4  fuxe.  Effects:  Jet  20  to  80  feet  high;  much 
mud  thrown  up. 
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APPENDIX  B. 


DetaiU  of  ex^ferimenti  toith  the  Crate — Continued. 

SHOT  MS-riRBD  8BPTEMBES  14,  1874. 


I 

ge. 
Karober. 

TOP 

Lead< 
DUmeter 
Inehet. 

OF  CHATK. 

pyllnder.         j 
.  •  Shortening. 

Per  aqoare  inch. 

Energy.      Pressure. 
Foot-tbs.        Pound*. 

Gauge. 

Kind.      Number. : 

No.       ,                  1 

BOTTOM  OF  CBATE. 

1 

Lead  cylinder. 

Diameter.  Shortening. 

1 

Persqm 

1 

1 

6au 
Kind. 

1 
( 

ITS  inch.      ! 

Energy. 
Foot4lm, 

Pressure. 

;      No. 

Inehet.     \ 

Indtet, 

Inche*. 

Fiir^- 

3 

I 

0.4 

0.047 

0.66 

754 

3 

1 

0.4 

0.077 

1.24 

i.iae 

3 

2 

0.4 

,        0.036 

0.46 

508 

3 

2 

0.4 

0.034 

0.42 

56S 

3 

3 

0.4 

0.025 

0.29 

438 

3 

3 

0.4 

0.031 

0.37 

512 

3 

4        1 

0.4 

0.030 

0.35 

406 

3 

4 

0.4 

0.040 

0.53 

664 

3 

5 

0.4 

0.075 

1.20 

1,129 

3 

5 

0.4 

0.052 

0.75 

821 

3 

6 

0.4 

0. 074 

1.18 

1.116 

s 

« 

0.4 

0.053 

0.76 

8S4 

3 

7 

0.4 

0.058 

0.85 

899 

8 

7 

0.4 

0.058 

a  76 

834 

3 

8 

0.4 

0.070 

1.20 

1,182 

3 

8 

0.4 

0.055 

0.80 

m 

3 

0 

0.4 

0.106 

LSI 

1.536 

3 

9 

0.4 

0.084 

L41 

1.254 

3 

10 

0.4 

0.076 

1.22 

1,142 

3 

10 

0.4 

0.080 

1.31 

1,106 

3 

11 

0.4 

0.072 

1.14 

1,091 

3 

11 

0.4 

0.067 

1.05 

1,080 

3 

12 

0.4 

0.074 

1.18 

1,116 

3 

12 

0.4 

0.085 

1.43 

1.218 

3 

13 

0.4 

0.132 

2.60 

1.890 

3 

13 

0.4 

0.109 

1.99 

usn 

8 

14 

0.4 

0.120 

2.27 

1.726 

3 

14 

0.4 

0.119 

2.24 

1,712 

3 

15 

0.4 

0.135 

2.68 

1.928 

3 

15 

0.4 

0  132 

2.60 

1,880 

8 

16 

0.4 

0.130 

2.65 

1,865 

3 

16 

0.4 

0.124 

2.37 

1,774 

3 

17 

0.4 

0.307 

0.03 

4,616 

3 

17 

0.4 

0.291 

9.02 

4.329 

3 

18 

0.4 

0.306 

0.87 

4.508 

3 

18 

0.4 

0.306 

9.87 

4.588 

3 

Baoy  1  ' 

0.4 

0.040 

0.53 

654 

3 

Baoy2 

0.4 

0.051 

0.73 

808 

NOTES. 

Explosive^  dynamite  No.  1 ;  charge,  10  pound* ;  submergence,  42  feet ;  depth  of  water,  90  feet ;  axis  of  crate,  horizontal;  case, can  Kq. 2, 
fall ;  ignition,  Fanner  dynamo  and  1  service  low  tension  fuse.  Effects :  Several  loud  sounds;  Jet  8  to  10  feet  high  rose  in  34  seconds ;  shock 
Revere ;  at  100  feet  distance  it  threw  off  top  of  stove  in  cabin  of  schooner. 
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3 

1 

0.4 

3       ! 

2 

0.4 

3 

3 

0.4 

3 

4 

r 

0.4 

3        1 

5 

0.4 

3         1 

6 

0.4 

3    ; 

7 

0.4 

3 

8 

0.4 

3 

9 

0.4 

3 

10 

0.4 

3 

11 

0.4 

3 

12 

0.4 

3 

13 

0.4 

3 

14 

0.4 

3 

15 

0.4 

3 

16 

0.4 

3 

17 

0.4 

3 

18 

0.4 

3 

» 

Buoy  1 

0.4 

0.056 

0.82 

874 

0.062 

0.94 

967 

0.040 

0.53 

654 

0.056 

0.82 

874 

0.065      ' 

1.01 

1,006 

0.101 

1.79 

1,474 

0.072 

1.14 

1,091 

0.072 

1.14 

1.091 

0.101 

1.79 

1,474 

0.129 

2.52 

1,849 

0.067 

1.05 

1,030 

0.081 

1.83 

1,210 

0.149 

8.11 

2,132 

0.177 

4.04 

2,536 

0.136 

2.71 

1,942 

0.136 

2.71 

1,942 

0.344 

12.16 

5,283 

0.264 

7.67 

3,888 

0.083 

0.40 

545 

8 

1 

0.4 

0.060 

0.80 

925 

3 

1         2 

0.4 

0.060 

0l80 

915  ; 

8 

3 

0.4 

ao66 

0.82 

874 

3 

4 

.    a4 

0.049 

0.69 

781 

3 

5 

0.4 

3 

6 

a4 

0.076 

L22 

1,142     ' 

3 

7 

0.4 

0.082 

1.36 

1,225     ' 

3 

8 

0.4 

a060 

0.89 

925     . 

3 

» 

0.4 

0.086 

1.45 

1,279 

3 

10 

0.4 

0.007      , 

1.69 

1,422 

3 

11 

0.4 

0.092 

1.57 

1<3SI 

3 

12 

0.4 

0.091 

1.55 

1,336 

3 

18 

0.4 

0.128 

2.49 

1»«3 

3 

14 

0.4 

0.171 

3.83 

2.445 

3 

15 

0.4 

0.158 

3.40 

2,258 

3 

16 

0.4 

0.140 

2.83 

2,000 

3 

17 

0.4 

0.346 

12.80 

5,827 

3 

18 

0.4 

0.311 

10.16 

4,688 

3 

Bnoy  2 

0.4 

0.086 

L45 

1,279 

NOTES. 


Explosive,  dynamite  No.  1 ;  charge,  10  pounds;  submergence,  about  36  feet;  depth  of  water,  80  feet;  axis  of  cntt«,  inclined  250;  buoy  I 
reads  13  feet,  and  bnoy  2  10  feet,  the  latter  supporting  the  deeper  end  of  crate ;  case,  can  No.  2,  full ;  ignition.  Farmer  dynamo  and  1  service  low 
tension  fuze.    Effects :  Dome  of  water  15  feet  high. 
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Details  of  experiments  mth  the  Crate — Ck>utiQued. 

SHOT  345— FIBEB  SEPTEMBER  14,  1874. 


ige. 

TOP  OF  CAAn. 

Lead  cylinder. 
Diameter.  ,Shortening. 

Per  square  inch. 
Bnerjcy.      Preasore.  , 

Oange. 
Kind.      Number. 

UOTTOM 

OF  CBATB. 

Gm 

Lead  cylinder. 

Diameter.  Shortening. 

Inehea.          Inchet. 

Per  square  inch. 

1 

Kind. 

Number. 

Energy. 
Foot-lbs. 

Preaeure. 

No.^ 

In/cket.      .    IneKea. 

Foot-lbB, 

1 
Pouti4§. 

Pounds.    , 

3 

1 

0.4               0.088 

1.38 

1,239 

3 

1 

0. 4               0. 052 

0.75 

821 

3 

2 

0. 4               0. 053 

0.76 

834 

3 

2 

a4 

0.063 

0.96 

974 

3 

3 

0. 4                0. 030 

0  35 

496 

3 

3 

0.4 

0.054 

0.78 

847 

3 

4 

0. 4           0.  oa» 

0.51 

639      ' 

3 

4 

0.4 

0.072 

1.14 

1.001 

3 

5 

0.4               0.057 

0.H4 

887 

3 

5 

0.4 

0.102 

1.81 

1,486 

3 

• 

0.4               0.090 

1.74 

1,440 

3 

6 

0.4 

0.080 

1.31 

1,196 

3 

7 

0.4               0.072 

1.14 

1, 091 

3 

7 

0. 4               0. 038 

0.49 

624      1 

3 

8 

0. 4        1        0. 062 

0.94 

957 

8 

8 

0. 4               0. 067 

1.05 

1,030      ' 

3 

9 

0. 4        !        0. 107 

1.94 

1        1.560 

3 

9 

0.4                0.099 

1.74 

1,440 

3 

10 

0.4              

3 

10 

0.4        i        0.084    ' 

1.41 

1.254      ' 

3 

11 

0.4               0.073 

1.16 

1,103 

8 

11 

0. 4        '        0. 073 

1.16 

1,103 

3 

IS 

0. 4               0. 104 

1.86 

1,510 

3 

12 

0. 4               0. 080 

1.50 

1,310 

3 

13 

0. 4               0. 142 

2.89 

2,028      1 

3 

13 

0.4               0.169 

3.75 

2,414 

3 

14 

0. 4               0. 159 

3.43 

2,274 

3 

14 

0.4              



• 

3 

15 

0. 4               0. 147 

3.05 

2,101 

3 

15 

0. 4                0. 145 

2.98 

2, 070      ! 

8 

16        ' 

0.4               0.106 

1.96 

1,56.-) 

3 

16 

0. 4                0. 167 

3.68 

2,373 

3 

17 

0. 4                0. 282 

8.  .'»7 

4t  18'> 

3 

17 

0. 4                0.  349 

12.57 

5,401 

3 

18 

0. 4               0. 268 

7.87 

3,954 

3 

18 

0. 4                0. 341 

11.96 

5,227 

8 

Buoy  1 

0. 4                0. 045 

0.62 

727 

3 

Buoy  2 

0.  4                0. 067 

1.05 

1,030 

NOTES. 

Ezploaive,  dynamite  No.  1 ;  charge,  10  pouuds;  Hubuiergcnee,  aliout  36  feot;  depth  of  water,  60  feet ;  axis  of  erate  inclined  25^;  buoy  No.  1 
iMd  13  and  bnoy  No.  2  10,  the  latter  supporting  dce]K'r  end  of  crate;  case  can  No.  2,  full;  Ignition,  Fanner  machine  and  1  service  low  ten- 
sion fuse.  Effects:  Dome  15  feet  high  and  20  feet  in  diameter;  shock  knocked  off  top  of  stove  in  cabin  of  schooner,  distant  80  feet;  side  of 
bnoy  1  slightly  corrugated,  and  crate  transom  over  cliarge  somewhat  bent 
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0.024 
0.008 
0.052 
0.034 
0.027 
0.024 
0.037 
0.043 
0.034 
0.025 
0.038 
0.065 
0.066 
0.108 
0.077 
0.104 
0.170 
0.166 
0.064 
0.047 


NOTES. 

Kxplusive,  dynamite  Nu.  1;  charge,  5  p<niiidH;  sulmiergence,  39  feet;  dfpth  of  water,  88/eet;  axis  of  crate  inclined  53°;   buoy  No.  1  reail 
9.3  feet,  and  buoy  No  2  12  feet,  and  tliey  were  164  f'set  apart;  No.  1  supported  dee]i«r  end  of  crate;  two  extra  (ring)  buoys  wei-e  attached  at 
No.  3  and  No.  4  uprights  to  aid  buoy  No.  2;  case,  can  No.  2,  sawdust  tamping;  ignition,  Fanner  dynamo  and  1  servioe  low  tension  fuz« 
Effects:  Boil  rose  in  4  seconds  around  buoy  No.  2. 


!         3 

1 

0.4 

3 

2 

0.4 

8 

•          3        1 

0.4 

3 

1 

4 

0.4 

3 

5 

0.4 

3 

6 

0.4 

9 

7 

0.4 

3 

8 

0.4 

3 

9 

0.4 

3 

10 

0.4 

t         3 

11 

0.4 

1         3 

12       ! 

0.4 

3 

13 

0.4 

'      3 

,        W 

0.4 

3 

15 

0.4 

3 

1        " 

0.4 

3 

17 

0.4 

3 

18 

0.4 

3 

L.  buoy  1 

0.4 

3 

L.  buoy  2 

0.4 

0.27 

421 

0.08 

176 

0.75 

821 

0.42 

562 

0.31 

461 

0.27 

421 

0.48 

608 

0.68 

698 

0.42 

562 

0.29 

4:i8 

0.49 

624 

1.01 

1,006 

0.82 

874 

1.96 

1,565 

1.24 

1,156 

1.86 

1,510 

3.79 

2,430 

3.65 

2,367 

0.99 

990 

0.66 

754 

3 

1 

1 

0.4 

1 

1 

3 

2 

0.4 

0.017 

0.19 

325 

3 

3 

0.4 

0.031 

0.37      ' 

512 

3 

4 

0.4 

0.042 

0.57      ' 

683 

3 

5 

0.4 

0.025 

0.29 

438 

3 

6 

0.4 

0.023 

0.26 

404 

3 

7 

0.4 

0.054 

0.78 

847 

3 

8 

0.4 

0.029 

0.34 

484 

3 

9 

0.4 

0.039 

0.51 

039 

3 

10 

0.4 

0.039 

0.51 

639 

3 

11 

0.4 

0.059 

0.87 

912 

3 

12 

0.4 

0.037 

0.48 

608 

3 

13 

0.4 

0.063 

0.96 

974 

3 

14 

0.4 

0.064 

0.99 

990 

3 

15 

0.4 

•  0 

16        1 

0.4 

0.076 

L22 

1,142 

3 

1        17 

0.4 

0.196 

4.72 

2, 810 

3 

38 

0.4 

0.182 

4.22 

2.608 

3 

S.  buoy  1 

0.4 

0.055 

0.80 

861 

3 

S.  buoy  2 

0.4 

0.067 

1.05 

1,030 
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Detailt  of  experimmU  with  the  Crate — Gontinned. 
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6at] 
Kind. 

TOP  OF  CEATH. 

Lead  cylinder. 

j 

Diameter.   Shortening. 

Per  square  inch. 
Energy.      Pressure. 

Gauge. 

1 
Kind.      Number. 

No. 

BOTTOM  OF  CBATK. 

I 
1 

1 

[ge. 
Number. 

Lead  cylinder. 

Per  square  inch. 

Diameter. 
Inehu. 

Shortening. 

Energy. 

Pressure.  . 

t 

No, 

IneheM. 

Inches. 

Footlbt. 

Pounds. 

Inches. 

Foot4bs. 

Pounds. 

3 

1 

0.4 

0.019 

0.20 

344 

3 

1 

0. 4               0. 016 

a  18 

316 

3 

2 

0.4 

0.018 

0.19 

335 

8 

2 

0. 4               0. 021 

0.28 

870 

8 

8 

0.1 

0.049 

0.69 

781 

3 

3 

0. 4                0. 038 

0.39 

839     > 

3 

4 

0.4 

0.039 

0.51 

639 

3 

4 

0.4 

0.045 

0.62 

727 

3 

5 

0.4 

0.043 

0.58 

698 

3 

5 

0.4 

0.036 

0.46 

508 

3 

6 

0.4 

0.035 

0.44 

578 

3 

6 

0. 4        1        0. 028 

0.28 

404 

8 

7 

0.4 

0.054 

0.78 

847 

3 

7 

0. 4                0. 027 

0.31 

461 

3 

8 

0.4 

0.047 

0.66 

754 

3 

8 

0.4        1        0.051 

0.73 

808 

3 

9 

0.4 

a  038 

0.49 

624 

3 

9 

0.4        '        0.035 

a44 

578     1 

3 

10 

0.4 

0.037 

0.48 

608 

3 

10       i 

0.4        i       

3 

11 

0.4 

0.0«4 

0.99 

990 

3 

11 

0.4        '        0.080 

1.81 

1,198 

3 

12 

0.4 

0.047 

0.66 

754 

8 

12 

0.4        !        0.078 

1.27 

1,100 

3 

13 

0.4 

0.000 

1.03 

1.018 

3 

13 

0. 4                0. 065 

1.01 

1,006 

3 

14 

0.4 

0.050 

0.87 

912 

3 

1 
14 

0.4                0.054 

0.78 

847 

3 

15 

0.4 

0.103 

1.84 

1.498 

8 

15 

0. 4                0. 073 

L16 

1,101     ' 

3 

16 

0.4 

0.089 

1.50 

1,310 

3 

16 

0.  4                0. 069 

1.08 

1,068     • 

8 

17 

0.4 

0.160 

3.47 

2,290 

3 

17 

0.  4                0. 155 

3.29 

2,210 

3 

18 

0.4 

0.130 

2.80 

1,986 

3 

18 

0. 4                0. 170 

3.79 

2,430 

3 

L.  buoy  I 

0.4 

0.029 

0.34 

484 

3 

8.  buoy  1 

0. 4                0. 039 

0.51 

688     , 

3 

L.  buoy  2 

1 

0.4 

0.047    ' 

0.66 

754 

3 

S.  buoy  2 ' 

0.4        ;        0.067 

L05 

1,0M     1 

NOTES. 

Explosive,  dynamite  No.  1;  charge,  5  pounds:  submergence,  39  feet;  depth  of  water,  88  feet;  axis  of  orate  inclined  580;  arrangement  of 
buoys,  including  the  two  extra  ones,  as  in  last  shot;  case,  can  No.  2,  sawdust  tamping;  ignition,  Farmer  d^-namo  and  1  serrlcelow  tensioo 
fuze.    Effects :  Boil  rose  in  8^  seconds  very  near  buoy  2. 
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3 

1 

0.4       ! 

0.065 

1 
1.01 

1,006 

3 

2 

0.4 

0.040 

0.53 

654 

3 

3 

0.4 

0.074 

1.18      1 

1,116 

» 

4 

0.4 

0.057 

0.84 

887 

3 

5 

0.4 

0.102 

1.81 

1,486 

3 

6 

0.4 

0.121 

2.29      ! 

1,738 

8 

7 

0.4 

0.080 

1.50 

1,310 

3 

8 

0.4 

0.078 

1.27 

1,109 

8 

9 

0.4 

0.120 

2.27      ' 

1,726 

3 

10 

0.4 

0.123 

2.34      ' 

1,762 

3 

11 

0.4 

0.128 

2.49 

1,833 

3 

13 

0.4 

0.111 

2.04 

1,605 

8 

13 

0.4 

0.192 

4.57 

2,753 

3 

14 

0.4 

0.154 

3.26 

2,197 

3 

15 

0.4 

0.166 

3.65 

2,367 

8 

16 

0.4 

0.142 

2.89 

2,028 

8 

17 

0.75 

0.090 

7.59 

3,859 

3 

18 

0.75 

0.108 

9.70 

4,544 

S 

Buoyl 

0.4 

0.041 

0.55 

669 

3 

1 

0.4 

0.052 

0.75      , 

1 

821    ; 

3 

2 

0.4 

0.059 

0.87 

912 

3 

3 

0.4 

a044 

0.60 

713 

3 

4 

0.4 

0.041 

0.55 

089 

3 

5 

0.4 

0.081 

1.33 

1 

1,210 

3 

6 

0.4 

0.080 

1.31 

1,196 

3 

7 

0.4 

0.099 

1.74       ! 

1,440 

3 

8 

0.4 

0.068 

1.06       I 

1.041 

3 

9 

0.4 

0.119 

2.24 

1,712 

3 

10 

0.4 

0.084 

1.41      , 

1.254 

3 

11 

0.4 

0.006 

1.03 

1,018 

3 

12 

0.4 

0.095 

1.65 

1,886 

3 

L3 

0.4 

0.165 

3.61 

2.851 

3 

14 

«.4 

0.156 

3.33 

2,226 

3 

15 

0.4 

0.160 

3.47 

2,290 

3 

16 

0.4 

0.184 

4.29 

2,637 

3 

17 

0.76 

0.116 

10.64 

4.8S8 

3 

18 

0.75 

0.109 

9.82 

4,582 

3 

Buoy  2 

0.4 

0.066 

1.03 

1,018 

NOTES. 


Explosire,  dynamite  No,  1 ;  charge,  15  ]>oiiQds;  submergence.  45  feet ;  depth  of  water,  88  feet;  axis  of  crate,  horixontal;  case,  can  No.  3, 
sawdust  tamping;  ignition.  Farmer  dynamo  and  1  sorrlco  low  tension  fuxe.  Effects :  A  dome  of  yellow  water  rttse  midway  between  buoys  to 
a  height  ot  10  feet  in  one  second  after  firing ;  emf^'  somewhat  bent,  especially  near  middle,  but  not  seriously  so. 


DETAILS  OP  EXPERIMENTS. 
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Details  of  experiments  with  the  Crate — Continued. 

SHOT  349^FIKED  SEPTEMBER  23,  1874. 


^ 

» 

■ 

TOP  c 

»F  CRATI. 
jrlinder. 

ire  inch. 
Preoenre. 

Gau 
Kind. 
No. 

ge- 
Number. 

BOTTOM 

OP  CRATB. 

Per  square  inch. 

G« 

ige. 
Number. 

Lead  o; 

Per  squi 
Energy. 

Lead  cylinder. 

K1l14l. 

Diameter. 
IneJui. 

Bhortenlng. 
InchM. 

Diameter. 

Shortening. 
Inches. 

Energy. 
Foot'lbs. 

Pressure. 
Pounds. 

No, 

Foot-lbt. 

Pound§. 

Inches. 

3 

1 

0.4 

0.070 

1.10 

1,065 

3 

1 

0. 4               0. 064 

0.99 

990      ' 

3 

2 

0.4 

0.059 

0.87 

912 

3 

2 

0. 4                0. 063 

0.96 

974 

3 

3        1 

0.4 

0.063 

0.96 

974 

3 

3 

0. 4                0. 060 

0.89 

925 

3 

4 

0.4 

0.067 

1.05 

1,030 

3 

4 

0. 4        1        0. 083 

1.38 

1,239 

3 

5 

0.4 

0.107 

1.94 

1,550 

3 

5 

0. 4        '        0. 015 

2.13 

1.655      , 

3 

6 

0.4 

O.lOl 

1.79 

1,474 

3 

6 

0. 4                0.  086 

1.45 

1,279 

3 

7 

0.4 

0.097 

1.69 

1,422 

3 

^         7 

0. 4        ;        0. 113 

2.09 

1,680 

3 

8 

0.4 

0.091 

1.55 

1,336 

3 

8 

0.4 

0.114 

2.11 

1,643 

3 

9 

0.4 

0.132 

2.60 

1,890 

.3 

9 

0.4        j        0.131 

2.58 

1,878 

3 

10 

0.4 

0.147 

3.05 

2,101 

3 

10 

0.4 

0.150 

3.15 

2,147 

3 

11 

0.4 

0.140 

2.83 

2,000 

3 

11 

0. 4               0. 131 

1 

2.58 

1,878 

3 

13 

0.4 

0.133 

2.63 

1,903 

3 

12 

0.4 

0.148 

3.09 

2,116 

3 

13 

0.4 

0.220 

5.71 

3,192 

3 

13 

0. 4        *        0. 207 

5.15 

2,982 

3 

14 

0.4 

0.239 

6.54 

3,497 

3 

14 

0.4 

0.228 

&05 

3,317 

3 

15 

0.4 

0.240 

&59 

3,513 

3 

15 

0.4 

0.210 

5.28 

3,031 

3 

16 

0.4 

0.229 

6.09 

3,333 

3 

16 

0.4 

0.229 

6.09 

3,333 

3 

17 

0.75 

0.129 

12.27 

6,315 

3 

17 

0. 75              0. 141 

13.83 

5,768 

3 

18 

0,75 

0.150 

15.07 

6,007 

3 

18 

0. 75              0. 089 

7.49 

8,824 

3 

Buoy  1 

0.4 

0.043 

0.68 

698 

3 

Buoy  2 

0.4 

0.071 

1.12 

1,078 

NOTES. 

ExplosiTe,  dynamite  No.  1 ;  charge,  20  pounds;  submergence,  45  feet ;  depth  of  water,  90  ieet;  axis  of  crate,  horizontal;  case,  can  No.  3, 
nil;  ignition,  Fanner  dynamo  and  1  service  low  tension  fuze.    EfTeots:  A  jet  15  feet  high  and  20  feet  in  diameter  rose  between  the  buoys 
f  n  about  a  second ;  a  piece  of  coal  on  top  of  bnoy  waa  thrown  15  feet  upward  by  shock ;  middle  top  transom,  already  weakened,  was  blown  ofl', 
and  whole  crate  was  warped  slightly. 

SHOT  396— FIRED  OCTOBER  5,  1876. 


3 

1          1        ■ 

0.4 

0.092 

1.57 

1,351 

3 

1 

0.4 

0.118 

2.21 

1,698 

3- 

2 

0.4 

0. 113 

2.09 

1,630 

3 

'          2 

0.4 

0.100 

1.77      ' 

1,462 

3 

3 

0.4 

0. 121 

2.29 

1,738 

3 

1          3 

0.4 

0.104 

1.86 

1,510 

3 

1 

!          4 

0.4 

0.103 

1.84 

1,408 

3 

4 

0.4 

0.108 

L96      , 

1,665 

3 

1          5 

0.4 

0.143 

2.92 

2,042 

3 

1          •'■» 

0.4 

0.144 

2.95      1 

2,056 

3 

6 

0.4 

'        0. 132      1 

2.60 

1,890 

3 

6 

0.4 

0.146 

3.02 

2,086 

3 

1          7 

0.4 

0.130      I 

2.80 

1,986      , 

3 

7 

0.4 

0.141 

2.86 

2,014 

1          3 

8 

0.4 

j        0. 172 

3.86 

2,460 

3 

8 

0.4 

0.137      1 

2.74 

1,957 

3 

9 

0.4 

0.172 

3.86 

2,460 

3 

9 

0.4 

0.204 

5.03      , 

2,933 

3 

'        10 

0.4 

0.186 

4.36 

2,666 

3 

10 

0.4 

0.210 

5.28 

3.031 

3 

1        11 

0.4 

0.227 

&00 

3,302 

3 

11 

0.4 

0.197 

4.75 

2,824 

3 

1        12        ! 

0.4 

0.218 

5.62 

3,158 

3 

12 

0.4 

0.197      ! 

4.75 

2,824 

3 

13 

0.4 

0.299 

9.51 

4,485 

3 

13 

0.4 

0.297 

0.38 

4,444 

3 

14 

0.4 

0.311 

10.16 

4,688 

3 

14 

0.4 

0.302 

9.67 

4,535 

3 

1        15 

0.4 

0.303 

9.72 

4,650 

3 

15 

0.4 

0.297 

9.38 

4,444 

3 

16 

0.4 

0.280 

8.47 

4,153 

3 

16 

0.4 

0.309 

10.04 

4,662 

3 

17 

0.4 

0.524 

27.39 

9.081 

3 

17 

0.4 

0.489 

23.88 

8,280 

3 

18 

0.4 

0.508 

25.72 

8,707 

3 

18 

0.4 

0.449 

20.37 

7,456 

3 

'  Buoy  1 

1 

0.4 

0.058 

1 

0.85 

899 

3 

Buoy  2 

0.4 

0.079 

1.29 

1,182 

NOTES. 

Explosive,  dynamite  No.  1 ;  charge,  30  pounds:  submergence,  32  feet ;  depth  of  water,  56  feet;  axis  of  crate,  horixontal;  ca8e,  can  No.  4, 
sawdust  tamping ;  ignition.  Farmer  dyimmo  and  1  service  low  tension  fuze.  Effects :  A  jet  between  30  and  40  feet  high  rose  between  the 
buoys,  which  were  both  corrugated ;  No.  1  showed  a  small  leak,  and  its  limit  of  stn»ngth  was  Just  reached ;  one  diagonal  brace,  wliich  had 
been  added  to  stiffen  the  new  middle  transom,  was  twisted  off,  four  bolta  being  sheared ;  the  other  new  brace  was  loosened. 
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APPENDIX  B. 


Details  of  experiments  toith  the  Crate — Continaed. 

SHOT  397— FIKED  OCTOBER  8,  1875. 


NOTES. 

Explosiye,  dynamite  No.  1 ;  charge,  50  pounds;  submergence,  30  feet ;  depth  of  water,  50  feet:  axis  of  crate,  horizontal;  case,  can  No.  4 
fall ;  ignition,  Fanner  dynamo  and  1  service  low  tension  fuze.    E£fects :  Jet  rose  50  to  00  feet,  burying  both  bnoys,  and  collapsing  them  snd 
parting  the  hawsers ;  everything  recovered ;  crate  not  ii^ured  seriously. 

SHOT  398— FIRED  OCTOBER  13,  1875. 


3 

1 

3 

2 

3 

3 

3 

4 

8 

5 

3 

6 

3 

7 

8 

8 

3        J 

9 

3 

10 

3 

11 

3 

12 

3 

13 

3 

14 

3 

15 

3 

16 

3 

17 

3 

18 

0.4 

0.171 

3.83 

2,445 

3 

0.4 

0.201 

4.90 

2,883 

3 

0.4 

0.186 

4.36 

2,666 

3 

0.4 

0.313 

3 

0.4 

0.216 

&84 

3,602 

3 

0.4 

0.227 

&00 

3,302 

3 

0.4 

0.192 

4.57 

2,753 

3 

0.4 

0.214 

5.44 

3,092 

3 

0.4 

0.286 

8.77 

4,249 

3 

0.4 

0.340 

...■•, 

3 

0.4 

0.267 

7.82 

3,937 

3 

0.4 

0.277 

8.32 

4,104 

3 

0.4        1 

0.383 

14.93 

6.060 

3 

0.4 

0.381 

14.78 

6,017 

3 

0.4 

0.433 

ia97 

7,110 

3 

0.4 

0.439 

19.45 

7,229 

3 

0.75 

0.307 

42.38 

12, 121 

3 

0.75      1 

0.238 

28.84 

9,397 

3 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


0.4 

0.191 

4.54 

2,738 

0.4 

0.179 

4.11 

1        2,565 

0.4 

0.149 

3.11 

;        2.132     1 

0.4 

0.196      : 

4.72 

2,810 

0.4 

6.217 

5.57 

3,141 

0.4 

0.205 

5.07 

2,919 

0.4 

0.179 

4.11 

2  565 

0.4 

0.181 

4.18 

2,594 

a4 

0.309 

10.04 

1        4,653 

0.4 

0.300 

9.57 

4,50S 

0.4 

a2»i 

6L31 

3,414 

0.4 

0.236 

6.41 

3,447 

0.4 

0.443 

19.80 

7,426 

0.4 

0.4 

0.461 

21.35 

7,602 

a4 

0.473 

22.38 

7,935 

0.75 

0.320 

45.28 

12,697 

0.75 

0.419 

7L82 

17,268 

NOTES. 

Explosive,  dynamite  No.  1 ;  charge,  40  ponnds ;  submergence,  14  feet ;  depth  of  water,  19  feet ;  crate  resting  on  moddy  bottom,  with 
planks  under  the  two  outer  panels ;  case,  can  No.  4,  sawdust  tamping ;  ignition,  40  cells  Leclanch^  firing  battery  and  1  service  low  tensioB 
fuze.    Effects :  Jet  about  40  feet  high ;  crate  was  somewhat  warped,  but  not  iqjnred  seriously. 


TOP  OF  CRATE. 

BOTTOM  OF  CRATB. 

! 

Gail 

ige. 
Number. 

Lead  cylinder. 

Per  square  inch. 

Gauge. 

Lead  cylinder.         , 
Diameter.   Shortening. 

Per  square  inch. 

Kind. 

Diameter.  Shortening. 
Inches.          Jneke*. 

Energy. 

Pressure. 

Kind.       Number. 

Energy.       Pressure. 

No. 

Foot-lb9. 

Pounds. 

No. 

Inches.         Inches. 

Fbot-lbs.        Povadt. 

3 

1 

0. 4               0. 163 

3.55 

,        2,327 

3                 1 

0.4               0.147 

3.06             2,101 

3 

2 

(r.4 

0.164 

a58 

1        2,839 

3                  2 

0. 4                0. 174 

3.93              2,491 

3 

3 

0.4 

0.179 

4.11 

,        2,565 

3         <         3 

0.4        1        0.137      1 

2.74              1,957 

3 

4 

0.4 

0.169 

3.75 

2,414 

3 

4 

0. 4                0. 120      , 

2.27              1.726 

3 

5 

0.4               0.204 

5.03 

2,933 

3 

5 

0.4                0.176 

4.01             2.521     ; 

3 

6 

0.4               0.212 

5.36 

3,061 

3                  6 

0. 4                0. 148 

3.09              2,116     ; 

3 

7 

0. 4               0. 214 

5.44 

3,092 

3                  7 

0. 4                0. 187 

4.39              2,680 

3 

8 

0.4                0.259 

7.44 

3,807 

3                  8 

0. 4                0. 161 

3.50              2,302 

8 

9 

0. 4               0. 315 

10.39 

4,758 

3                   9 

0. 4                0. 177 

4.04              2,536 

3 

10 

0. 4               0. 290 

&96 

4.311 

3                 10 

0.4                0.247 

6.89              3.617 

3 

11 

0. 4                0. 299 

a  51 

4.485 

3                 11 

0. 4                0. 189 

4.47              2,709     1 

3 

12 

0. 4                0. 317 

10.51 

4,800 

3          ,        12 

0.4                0.228 

6.05              3,317     , 

8 

13 

0. 4               0. 435 

19.13 

7. 149 

3                  13 

0. 4                0. 391 

15.57      1        6,2n 

3 

14 

0.  4               0. 413 

17.33 

1        6,687 

3      •  ,        14 

0.4                0.382 

14.85              6,030 

3 

15 

0. 4        '        0. 411 

17.16 

6,646 

3          I        15 

0. 4                0. 407 

16.85              6,465 

3 

16 

0.4              

•  *  a  •       • 

3          '        16 

0. 4        '        0. 410 

17.08              6,626 

3 

17 

0. 75              0. 310 

43.02 

12,272 

3          '        17 

0. 75              0. 301 

4L07            11.896     ' 

3 

18 

0. 75              0. 296 

39.95 

11,677 

3          '        18 

0. 75      '        0. 331 

47. 65            13, 137 

3 

Buoy  1 

0.4 

0.058 

0.85 

899 

3         '  Buoy  2 

0. 4                0. 109 

1 

L90      .        1,579 

DETAILS  OF  EXPERIMENTS. 
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Details  of  experiments  with  the  Crate — ^Contiuued. 

SHOT  309-FniED  OCTOBER  13,  1875. 


Gav 

TOP  OF  CRATE. 

BOTTOM 

Lead  c: 

OF  CBATS. 

ige. 

Load  cylinder.        | 

1 

Per  square  inch. 
Energy.    '  Preaanrp. 

1 

Gangc. 

jrlinder. 
Shortening. 

Per  square  inch.       ' 

Kind. 

Number. 

Diameter. 

Shortening. 

Kind. 

Number. 

Diameter. 

Energy. 

Pressure.  ' 

1 

No. 

Inehet. 

Inehsa. 

Foot-lbs.        Pound*. 

No. 

Jnehet,          Inehet. 

Foot'Uft. 

Pounds. 

B 

1 

0.4 

0.236 

6.41             3,447 

3 

1 

0.4         '        0.182 

4.22 

2,608      ' 

3 

2 

0. 4         10. 187 

4.39             2,680 

3                  2 

0.4                 0.247^ 

6.89 

3,617 

1          3 

1 

3 

0. 4                 0. 177 

4.04      {        2,536 

3 

3 

0. 4                 0. 217 

6.57 

3,141 

1         3 

4 

0.4          '        0.213 

5.40 

3,077 

3 

4 

0. 4                 0. 246 

&84 

3,602 

3 

5 

0. 4          !        0. 197 

4.75 

2,824 

3 

5 

0. 4                 0. 808 

9.98 

4,634 

3 

1 

6 

0. 4                 0. 238 

6. 50      ,        3, 480 

3 

« 

0. 4          ,0. 289 

8.91 

4,296 

!          3 

7 

0. 4                 0. 247 

6.89      ,        3,617 

3 

7 

0. 4                 0. 273 

8.12 

4,037 

3 

8 

0. 4          !        0. 276 

8. 27              4, 087 

3 

8 

0. 4         10. 311 

10.16 

4,688 

3 

9 

0.75              

3 

9 

0. 75               0. 179 

19.31 

7,192 

3 

10 

0. 75               0. 170 

18. 00              6. 864 

3 

10 

0. 75               0. 179 

19.31 

7,192 

» 

11 

0. 75        i        0. 142 

13.96 

5,792 

3                  11 

0. 75               0. 101 

1 

&84 

4,278 

8 

12 

0. 75        1        0. 157 

16.08              6,367 

3         1        12 

0. 75        '        0. 109 

9.82 

4,582 

8 

13 

0.75 

0.250 

3L  09              9, 880 

3         ]        13 

0.75 

0.831 

3 

14 

0.75 

0.272 

35. 00            10, 694 

3 

14 

0. 75               0. 266 

83.82 

10,452 

3 

15 

0. 75               0. 307 

42.37 

12.149 

3 

15 

0. 75               0.,280 

86.75 

11,050 

3 

16 

0. 75               0. 220 

25.92      ;        8,752 

3                 16 

0. 75               0. 260 

82.98 

10,280 

3 

17 

0. 75               0. 577 

r 

132.4              25.960 

3                 17 

0. 75               0. 519 

106.7 

22,490 

3 

18 

0.75 

0.576 

131. 0        ,      25, 780 

3 

18 

0. 75        1        0. 559 

1 

123.5 

24,780 

NOTES. 

ExplosiTe,  dynamite  No.  1 :  charge,  100  pounds;  submergence,  8  feet ;  depth  of  water,  13  feet;  crate  resting  on  muddy  bottom ;  case,  old 
model  circuit  closer  buoy  of  ^  inch  wrought  iron ;  ignition,  40  cells  Leclanch^  firing  battery  and  1  service  low  tension  fuse.  Effects:  Fine  Jet 
200  feet  high ;  the  weight  of  falling  water  crushed  crate  into  the  mud  so  that  the  ends  rose  above  sur£sce  28  feet  apart;  it  was  raised  by 
successive  tidal  lifts  and  all  the  gauges  were  recovered ;  photographs  showing  its  condition  are  preserved,  the  ii^uries  being  so  serious  that  it 
was  not  repaired. 


A.I>I>ElSrDIX    c. 

DETAILS   OF    EXPERIMENTS  WITH   THE    IRON   TARGET. 


SHOT  3)i8— FIBED  JUKE  10,  1875. 


Gaage. 

Chargf 

Distance 

(D). 

Feet 

» to  gaage 
Angle  fr( 

Lead  cylinder. 

Per  sqoare  inch. 

1 

Kind. 
No. 

Number. 

>m  nadir 

Diameter. 
Inehet. 

Shortening. 
Inehet. 

Observed 
energy. 

Foot'Wa. 

Observed 

pressnre. 

1 

Computed 
pleasure. 

Pound$. 

Difference. 

o 

/ 

Pound*. 

Poundt. 

1                   1 

40.5 

130 

14 

0.3 

0.006 

0.50 

'             630 

668 

-    38 

1                   2 

38.0 

183 

04 

0.3 

0.008 

0.72 

803 

736 

+    87 

1                    3 

35.4 

138 

10 

0.3 

0.001 

0.08 

186 

821 

-  635 

1                    4 

38.0 

133 

04 

0.3 

0.012 

1.18 

1,117 

736 

+  381 

1                    5 

42.7 

127 

18 

0.3 

0.004 

0.31 

456 

617 

-  150 

1 
6 

42.7 

127 

18 

0.3 

0.008 

0.T2 

803 

617 

+  186 

1                    7          , 

40.4 

130 

23 

0.3 

0.003 

0.23 

375 

671 

-296 

8 

3^.4 

136 

19 

0.3 

o.ofi 

1.06 

1,039 

786 

+  253 

1                    0 

33.8 

141 

39 

0.3 

0.009 

0.53 

883 

883 

+      0 

1                  10          , 

33.8 

141 

39 

0.3 

0.003 

0.23 

375 

883 

-508 

1                  11 

36.4 

136 

19 

0.3 

O.Oll 

1.06 

1,039 

786 

+  253 

1          1         12 

40.4 

130 

23 

0.3 

0.011 

L06 

1,030 

671 

+  368 

1                  13 

44.8 

125 

12 

0.3 

0.005 

0.39 

630 

582 

—    52 

1                   U 

30.1 

132 

07 

0.3 

0.006 

0.50 

630 

705 

-    75 

1                  15         ! 

32.0 

145 

52 

0.3 

0.014 

1.42 

1,263 

961 

4-  302 

1                   16 

1                      1 

39.1 

132 

07 

0.3 

0.013 

1.30 

1,191 

705 

+  486 

NOTES. 

Explosive,  d^-namite  No.  1 ;  charge,  20  pounds ;  submergence,  30  feet ;  location,  13  feet  horixontally  from  No.  15  comer,  on  line  prolonged 

ftom  centre ;  depth  of  water,  42  feet ;  case,  can  No.  3,  full ;  ignition,  Farmer  dynamo  and  1  service  low  tension  fuse.    Effects :  Jet  24  feet 

high :  no  injury  to  target. 

SHOT  389-FIBED  JUNE  10,  1875. 


1 

40.5 

130 

14 

0.3 

0.006 

0.50 

630 

1,076        ' 

—  446 

2 

38.0 

133 

04 

0.3 

0.011 

1.06 

1,039 

1,184 

-  145 

3 

35.4 

138 

10 

0.3 

0.004 

0.31 

458 

1,321 

-863 

4 

38.0 

138 

04 

0.3 

0.018 

2.00 

1,586 

1.184        1 

+  402 

5 

42.7 

127 

18 

0.3 

0.005 

0.39 

530 

903        , 

—  463 

6 

42.7 

127 

18 

0.3 

0.009 

0.83 

883 

993 

—  110 

X 

7 

40.4 

130 

23 

0.3 

0.008 

0.72 

803 

1,080 

-  277 

8 

36.4 

136 

19 

0.3 

0.014 

1.42 

1,263 

1,266 

—      3 

9 

33.8 

141 

39 

0.3 

0.014 

1.42 

1,263 

1. 421        , 

-  158 

10 

33.8 

141 

39 

0.3 

0.007 

0.61 

719 

1,421 

-  702 

•■• 

11 

36.4 

136 

19 

0.3 

0.020 

2.30 

1,742 

1.286        1 

+  476 

12 

40.4 

130 

23 

0.3 

0.008 

0.72 

803 

1,089 

-277 

13 

44.8 

125 

12 

0.3 

0.009 

0.83 

883 

839 

+    « 

14 

39.1 

132 

07 

0.3 

0.010 

0.94 

959 

1,135 

-  178 

15 

32.0 

145 

52 

0.3 

0.022 

2.58 

1,880 

1,547 

-h  333 

16 

39.1 

132 

07 

0.3 

0.014 

1.42 

1,263 

1,135 

+  128 

NOTES. 

Explosive,  dynamite  No.  1 ;  charge,  40  pounds;  submergence,  30  feet;  location,  13  feet  horizontally  from  No.  15  comer,  on  line  prolonged 
from  centre ;  depth  of  water,  42  feet ;  case,  can  No.  4,  sawdust  tAmpIng ;  ignition,  Farmer  dynamo  and  1  service  low  tension  fhae.  Effects:  Load 
ring ;  jet  which  buried  target  in  spray ;  no  injury. 

(440) 
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Details  of  ex^enmeats  with  the  Iron  Target — Gontinaed. 


SHOT  88»-FEREO  JUVE  U,  1875. 


Oaage. 

Charge  to  gauge. 

Lead  cylinder. 

Per  aqnare  inch. 

Kind. 

Nomber. 

Distance 

Angle  from  nadir 

1 

'  Diameter. 

Inches. 
0.3 

0.3 

0.3 

0.8 

0.8 

0.3 

0.8 

1          0.8 

0.3 

0.3 

0.8 

0.8 

0.3 

0.3 

0.3 

0.8 

1 

Shortening. 

Obaerred 
energy. 

Obeeired 
preeenre. 

Computed 
preasnre. 

Diiferenoe. 

No. 
1 

* 

1 

2 

3 

4 

5 

6 

7 

8 

8 

10 

11 

12 

13 

14 

15 

16 

Feet 
30.2 

30.2 

30.2 

80.2 

80.8 

30.8 

80.8 

30.8           1 

80.8 

30.8 

30.8 

30.8 

31.4 

31.4 

31.4 

8L4 

o         / 
►      178      17 

'      166      04 

.       162      02 

Inches. 
0.017 

0.025 

0.020 

0.026 

0.014 

0.014 

0.024 
0.021 

0.016 
0.016 
0.020 
0.021 
0.020 
0.015 

Foot-lbs. 

1.84 

8.01 
2.30 
8.16 
1.42 
1.42 

•  ■  •  ■ 

2.87 
2.44 

■  •  •  * 

1.60 
1.60 
2.80 
2.54 
2.80 
1.54   • 

Pounds. 
1,501 

2,083 

1,752 

2,140 

1,263 

1,263 

2,018 
1,811 

1,418 
1,418 
1,742 
1,811 
1,742 
1,832 

Pounds. 
<     1,458    < 

«                                         > 

•     1,400     • 
>     1,363     < 

4 

Pounds. 
+    43 
+  625 
+  284 
+  601 

-  187 

-  137 

+  618 
+  211 

+    18 
+    18 
+  380 
.+  458 
+  380 

-  21 

NOTES. 

ExplosiTe,  dynamite  No.  1 ;  charge,  30  pounds;  submergence,  82|  feet;  location,  central ;  depth  of  water,  80  feet ;  case^  can  No.  4,  sawdust 
funping ;  ignition,  Farmer  dynamo  and  1  service  low  tension  fuse.  Effects :  Target  rose  1  foot  squarely,  settled  back  and  rose  again,  when  a 
Jet  burst  up  through  central  hole  15  to  20  feet  high ;  showed  leak,  which  caused  it  to  sink  in  a  couple  of  hours  (see  Plate  XYI). 

SHOT  801-FIRED  AUGUST  17,  1875. 


^ 

1 

37.0 

143 

12 

0.3 

0.011 

1.06 

1,080 

1,453 

-    414 

1 

2 

35.2 

146 

25 

0. 8                 0. 016 

LOO 

1,418 

1,571 

-    163 

3 

33.2 

151 

57 

0.3 

0.010 

0.04 

050 

1,726 

-    767 

4 

85.2 

146 

25 

0.8 

0.031 

8.02 

2,482 

1,571 

+    Oil 

5 

88.0 

188 

42 

0.3 

0.014 

1.42 

1,263 

1,347 

—      84 

6 

88.0 

138 

42 

0.3 

0.021 

2.41 

1,811 

1,847 

4-    464 

7 

87.2 

142 

02 

0.3 

0.008 

0.23 

375 

1,442 

-1,067 

8 

34.1 

140 

05 

0.3 

0.030 

3.75 

2,412 

1,652 

+    760 

0 

32.1 

155 

56 

0.8 

0.023 

2.78 

1,062 

1,810 

+    133 

10 

32.1 

155 

56 

0.3 

0.016 

1.00 

1,418 

1,810 

—    401 

11 

34.1 

140 

05 

0.3 

0.024 

2.87 

2,018 

1,652 

+    366 

12 

37.2 

142 

02 

0.3 

0.024 

2.87 

2,018 

1,442 

+    666 

13 

40.7 

135 

62 

0.3 

0.021 

2.44 

1,811 

1,256 

+    656 

14 

36.2 

144 

04 

0.3 

0.018 

2.00 

1,686 

1,504 

+      82 

15 

3L0 

161 

17 

0.3 

0.030 

3.75 

2,412 

1,032 

+    480 

16 

36.2 

144 

04 

0.3 

0.021 

2.44 

1,811 

1,504 

+    807 

• 

NOT 

BS. 

- 

Explosive,  dynamite  No.  1 ;  charge,  60  pound  submergence,  32}  feet ;  location,  5  feet  horizontally  fh>m  No.  15  comer,  on  line  prolonged 
from  centre;  depth  of  water,  40  feet;  case,  can  No.  4,  full;  ignition,  Farmer  dynamo  and  1  low  tension  fuze.  Effects:  White  Jet  26  feet  high 
and  clear  of  target ;  no  damage. 


jTo.  23 56 
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APPENDIX  0. 


DetaiU  of  experiments  trttA  the  Iron  Tar,jfet— Gontiiiaed. 


SHOT  8I2-FIBED  ATTOUST  17,  1875. 


Gaage. 

Cliarice  to  gauge. 

Leadc 

Diameter. 

1 

ylinder. 

Per  square  inch. 

Kind. 

Number. 

Distance 

(D). 

Feet 
30.5 

Angle  from  nadir 

Shortening. 

Inehet. 
0.013 

Obaerred 
energy. 

Obaerred 
preeanre. 

Computed 
preaanre. 

Differenee. 

No. 

1 

O             1 

139      25 

Inehe9. 
0.3 

Foot-lbt. 
1.80 

Poundt. 
1.191 

Poundg. 

1,780 

Poundt. 

—    688 

2 

3«.6 

142      12 

0.3 

0.016 

1.60 

1,418 

1,083 

—    515 

3 

34.5 

147      22 

0.3 

0.012 

1.18 

1,U7 

2,121 

-1.004 

4 

36.6 

142      12 

0.3 

0.028 

3.45 

2.280 

1,933 

+    847 

5 

40.6 

135     07 

0.3 

0.013 

1.30 

1.191 

1,648 

-    457 

6 

40.6 

135     07 

0.3 

0.016 

LOO 

1,418 

1,648 

-    230 

7 

80.6 

139      18 

0.3 

0.012 

L18 

1,117 

1,774 

—    657 

8 

35.4 

144      55 

0.3 

0.021 

2.44 

1,811 

2,042 

-    231 

9 

33.2                       151      07 

0.3 

0.031 

8.92 

2.482 

2,256 

+    226        1 

10 

33.2                       151      07 

0.3 

0.033 

4.26 

2,623 

2,256 

+    367 

11 

35.4            ;           144      55 

0.3 

0.025 

3.01 

2.085 

2,042 

+      43 

12 

30.6           ;           138      18 

0.3 

0.020 

8.60 

2.846 

1,774 

•f    572 

13 

42.5 

132      31 

0.3 

0.023 

2.73 

1,952 

1,536 

+    416 

14 

37.6 

140      22 

0.3 

0.023 

2.73 

1,962 

1,854 

+      96 

15 

32.8 

156      45 

'          0.3 

0.031 

8.92 

'         2,482 

2.322 

+    160 

16 

37.6 

140      22 

* 

0.3 

0.026 

8.16 

2.149 

1,854 

+    295 

NOTES. 

Explosive,  dynamite  No.  1 ;  charge,  75  pounds ;  submergence,  32]  feet ;  location,  8  feet  horizontally  ftom  No.  15  comer,  on  line  prolonged 
from  centre ;  depth  of  water,  40  feet;  case,  old  model  buoy  of  I  inch  iron ;  ignition.  Farmer  dynamo  and  1  serrice  low  tension  frise.  Effects:  Jet 
discolored  by  mud  rose  close  to  target,  throwing  gravel  and  stones  on  board ;  no  damage. 

SHOT  388— FIRED  AUGUST  17,  1875. 


1 

86.7 

142    18 

0.3 

0.028 

2.73 

1,052 

2,332 

-    880 

2 

84.2 

147    02 

0.3 

0.027 

3.31 

2.215 

2,600 

-    385 

3 

8&7 

142    18 

0.3 

0.016 

1.60 

1,418 

3,332 

-     014 

4 

38.0 

138    40 

0.8 

0  035 

4.60 

2,764 

2.126 

+    638 

5 

38.5 

137    58 

0.3 

0.026 

3.16 

2,148 

2,163 

-      14 

6 

36.2 

144    41 

0.8 

0.037 

4.87 

2,808 

2,468 

+    420 

7 

33.2 

151    07 

0.3 

0.040 

5.53 

3,125 

2,783 

+    892 

8 

33.2 

151    07 

0.3 

0.036 

4.78 

2,836 

2,783 

+    103 

8 

35.2 

144    41 

0.3 

0.038 

5.34 

8.058 

2,488 

+    565 

10 

38.5 

137    58 

0.3 

0.018 

2.15 

1,664 

2,163 

-    498 

11 

40.8 

135    24 

0.3 

0.033 

4.26 

2,628 

1,881 

+    642 

12 

40.8 

135    24 

0.3 

0.036 

4.78 

2,836 

1.961 

+    856 

13 

87.6 

140    22 

0.3 

0.034 

4.43 

2,684 

2,245 

+    448 

14 

81.8 

155    58 

0.3 

0.043 

&05 

3,317 

2,931 

+    386 

15 

37.6 

140    22 

0.3 

0.021 

2.44 

1,811 

2,245 

-    434 

16 

42.8 

132    05 

0.3 

0.024 

2.87 

2,018 

1,843 

+    175 

NOTES. 

Explosive,  dynamite  No.  1 ;  charge,  100  pounds;  submergence,  81}  feet ;  location,  8  feet  horiaontally  from  No.  14  comer,  on  line  prcAonged 
from  centre ;  depth,  of  water,  40  feet ;  case,  buoyant  torpedo,  model,  1872 ;  ignition,  Fanner  dynamo  and  1  service  low  tension  fuse.  Effeets : 
Severe  shock ;  Jet  broke  a  little  under  the  comer  and  caused  a  very  slight  leak ;  one  |  inch  bolt  head  torn  off. 
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Details  of  experimemU  witft  the  Iron  Target — Goutinned. 


SHOT  384— FIBBD  AUGUST  19,  187S. 


Gftii 
Kind. 

g«» 

Chftrge  to  gauge. 

Lead  cylinder. 

Per  equare  inch. 

number. 

lUstanoe 

Angle  Aram  nadir 

Diameter. 

Shortening. 

Obaerred 
energy. 

Observed 
preeeare. 

Computed 
preMure. 

Difference. 

No, 

FuL 

0        / 

Inehet. 

Inehei. 

Foot-lbi, 

Poundi, 

Poundt. 

Poundt. 

1 

30.1 

154      57 

0.3 

0.006 

0.50 

630 

3,159 

-2,529 

2 

30.1 

154      57 

0.3 

0.032 

4.09 

2,553 

3,159 

-    606 

1 

* 

3 

28.4 

163      50 

0.3 

0.018 

2.00 

1,586 

3,487 

-1,901 

4 

2a4 

163      50 

0.3 

0.041 

5.70 

3,189 

3,487 

-    298 

5 

30.7 

152      39 

0.3 

0.004 

0.31 

458 

3  062 

-2,604 

6 

32.0 

148     34 

0.3 

0.028 

3.45 

2,280 

2,866 

-    586 

7 

32.0 

148     34 

0.3 

0.005 

0.39 

530 

2,866 

-2,336 

8 

80.7 

152     39 

0.3 

0.040 

5.53 

3,125 

3,062 

+      63 

9 

29.0 

150      59 

0.3 

0.031 

3.92 

2,482 

3,414 

-    932 

10 

27.6 

171      02 

0. 3        '         0. 024 

2.87 

2,018 

3,677 

-1,659 

_ 

11 

27.6 

171      02 

0. 3                 0. 014 

1.42 

1,263 

3,677 

-2,414 

12 

29.0 

159     50 

0.3 

0.046 

6.58 

3,509 

3,414 

+      95 

13 

82.5 

146     56 

0.3 

0.008 

0.72 

803 

2,793 

-1,990 

14 

32.5 

146     56 

0.3 

0.044 

6.23 

3,381 

1       2,793 

+    588 

15 

28.2 

164     49 

0.3 

0.018 

2.00 

1,586 

1       3,480 

-1,804 

16 

28.2 

164     49 

0.3 

0.040 

5.53 

3,125 

3,480 

-    355 

NOT 

BS. 

Ezplofltve,  dynamite  No.  1 ;  charge,  100  pounds ;  submergence,  30  feet ;  location,  under  edge,  between  Nos.  10  and  11 ;  depth  of  water,  40 
leet ;  case,  old  model  buoy  of  i  inch  iron ;  ignition.  Farmer  dynamo  and  1  service  low  tension  fuze.  Effects:  High  Jet,  burying  target;  bulged 
in  side  oompartments  slightly  and  caused  small  leak ;  top  showed  a  bending  upward  into  a  dome  shape.  See  page  135  in  connection  with  recorded 
lengths  of  odd  numbered  gauges  (which  are  vitiated). 


SHOT  39&-FIBED  AUOIXST  19,  1875. 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


18.9 
18.9 
21.4 
2L4 
19.9 
17.7 
17.7 
19.9 
22.2 
24.0 
24.0 
22.2 
1&7 

ia7 

24.7 
24.7 


155  16 

155  16 

143  26 

143  26 

150  05 

164  54 


164 
160 
140 
135 
135 
140 


134 
134 


54 
05 
33 
57 
57 
83 


156     45 
156      45 


53 
53 


0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 


0.008 
0.041 
0.007 
0.044 
0.017 
0.050 
0.007 
0.061 
0.025 
0.017 
0.015 
0.044 
0.046 
0.066 
0.012 
0.044 


0.72 

803 

6,058 

-5,255 

5.70 

3,189 

6,058 

-2,869 

0.61 

719 

4,971 

-4,262 

6.23 

3,381 

4,971 

-1,590 

1.84 

1,501 

5,581 

-4,080 

7.31 

3,764 

6,772 

-3,008 

0.61 

719 

6,772 

-6,053 

9.71 

4,547 

5,581 

-1,034 

3.01 

2,083 

4,702 

-2,619 

1.84 

1,501 

4,177 

-2,676 

1.54 

1,332 

4,177 

-2,845 

6.23 

3,381 

4,702 

-1,321 

6.58 

3,509 

6,175 

-2,666 

10.59 

4,817 

6,175 

-1.358 

1.18 

1,117 

4,001 

-2,884 

6.23 

3,381 

■ 

4,001 

-    620 

NOTES. 

Explosive,  dynamite  No.  1 ;  charge,  100  pounds ;  submergence,  20  feet ;  location,  under  edge,  between  Nos.  6  and  7 ;  depth  of  watc^r,  40 
feet ;  case,  old  model  buoy  of  i  inch  iron  ;  ignition,  Farmer  machine  and  1  service  low  tension  fuze.  Effects :  Caused  leak  which  sunk  target 
in  If  hours ;  chains  scored  edges,  but  held ;  Jet'  high.  See  page  135  in  connection  with  rec<frded  lengths  of  odd  numbered  gauges  (which  are 
vitiated). 
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AFFBlirDIX  0. 


DetaUs  of  experiments  toitk  the  Iron  Target — Oontinaed. 


SHOT  428— FISED  AUGUST  18,  1876. 


Gauge. 

Charge  to  gaage. 

Lead  cylinder. 

Per  square  inch. 

Kind. 

Number. 

Diatance 
(D). 

Angle  from  nadir 

Diameter. 

Inehet, 
a  4 

Shortening. 

Obeerred 
energy. 

Obeerred 
presanre. 

preunie. 

No, 

1 

FteL 
30.2 

o       / 

• 

Inehet. 

Foot-ibs, 

Paund9. 

Pounds.          PoundM. 

r      

X 

2 
3 

30.2 
30.2 

'      173      17 

a4 
a4 

a  050 
a  031 

12.03 
a  81 

5, 215 
4,264 

'     5, 167     < 

+      ^ 
—    903 

1           1 

4 

30.2 

a  4 

ao50 

12.03 

5,215 

;    +    45 

'           1 

5 

80.8 

a  4 

a  041 

a  37 

4,440 

-    510 

6 

30.8 

a  4 

a  039 

a  81 

4,264 

-    605 

7 

30.8 

a4            a  041 

a  37 

4,440 

-    550 

8 
0 

30.8 
30.8 

>      168      04 

0. 4                 a  040 

a  4      1       a  041 

11.71 

a  37 

5,127 
4.440 

>     4,950 

+     1«« 

-    559 

10 

30.8 

a  4            ao39 

a  81 

4,264        , 

-    095 

11 

30.8 

a  4            a  038 

&53 

4, 172 

-    787 

12 

30.8 

a  4 

a  055 

13.50 

5,666 

-f    707 

13 

3L4 

1 

a  4            a  030 

a36 

3,431         ] 

-1,381 

14 
15 

3L4 
31.4 

^      182      02        • 

0. 4                 a  043 

a  4            a  040 

a  91 

11.71 

4,608 
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a  4 
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4,264         J 
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NOTES. 

Exploeive,  dynamite  No.  1 ;  charge,  200  pounds ;  submergence,  8^  feet ;  location,  central ;  depth  of  water,  42  feet;  case,  ground  torpedo, 
model  of  1873;  ignition,  40  cells  Leclanch^  battery  and  1  service  low  tension  fiixe.  Effects:  Parted  7  chains,  1  anchor  ring,  and  1  shackle; 
raised  target  3  feet  before  it  was  buried  in  Jet ;  caused  leak,  which  sunk  it  in  80  minutes. 
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15.47 
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22.31 

7,018 

22.31 
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ia45 

4,776 

17.07 
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1&42 

a  871 
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20.08 

7,382 
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iao8 
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'17,393     1 
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14, 703     . 


-15,652 
-15.658 
-15,231 
—13,087 

-  a475 
—14, 617 

— ia7« 

-10,700 
—10,509 
-11,174 
-ia422 
—12,098 

-  7,321 

—  aoB 

—  0,308 

—  7,819 


NOTES. 

Explosive,  dynamite  No.  1 ;  charge,  200  pounds;  submergence,  13  feet;  location,  central;  depth  of  water,  80  feet ;  case,  buoyant  torpedo, 
model  of  1872;  ignition,  40  cells  Leclanch6  battery  snd  1  service  low  tension  fure.  ElTects:  Target  instantly  hidden  by  jet;  when  Utter 
subsided  it  was  seen  laboring  in  the  vortex  for  a  few  seconds  and  then  sank. 
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